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PROLOGUE: Principles of Problem Solving

dist: 1 1
1. Let r be the rate of the descent. We use the formula time = 1stance ; the ascent takes 5 h, the descent takes — h, and the
r
. 2 1 1 1 1 1 L .
total trip should take — = — h. Thus we have — + - = — &  — = 0, which is impossible. So the car cannot go
30 15 15 r 15 r

fast enough to average 30 mi/h for the 2-mile trip.

2. Let us start with a given price P. After a discount of 40%, the price decreases to 0.6 P. After a discount of 20%, the price
decreases to 0.8 P, and after another 20% discount, it becomes 0.8 (0.8 P) = 0.64 P. Since 0.6P < 0.64 P, a 40% discount
is better.

3. We continue the pattern. Three parallel cuts produce 10 pieces. Thus, each new cut produces an additional 3 pieces. Since
the first cut produces 4 pieces, we get the formula f (n) =4 +3(n — 1), n > 1. Since f (142) =4 4+ 3 (141) = 427, we

see that 142 parallel cuts produce 427 pieces.

4. By placing two amoebas into the vessel, we skip the first simple division which took 3 minutes. Thus when we place two

amoebas into the vessel, it will take 60 — 3 = 57 minutes for the vessel to be full of amoebas.

5. The statement is false. Here is one particular counterexample:

Player A Player B
First half 1 hit in 99 at-bats: average = 9—19 0 hitin 1 at-bat: average = %
Second half 1 hitin 1 at-bat: average = % 98 hits in 99 at-bats: average = 3—8
Entire season 2 hits in 100 at-bats: average = ﬁ 99 hits in 100 at-bats: average = %

6. Method 1: After the exchanges, the volume of liquid in the pitcher and in the cup is the same as it was to begin with. Thus,
any coffee in the pitcher of cream must be replacing an equal amount of cream that has ended up in the coffee cup.

Method 2: Alternatively, look at the drawing of the spoonful of coffee and cream cream

mixture being returned to the pitcher of cream. Suppose it is possible to separate
the cream and the coffee, as shown. Then you can see that the coffee going into the coffee

cream occupies the same volume as the cream that was left in the coffee.

Method 3 (an algebraic approach): Suppose the cup of coffee has y spoonfuls of coffee. When one spoonful of cream

cream 1 coffee
is added to the coffee cup, the resulting mixture has the following ratios: — = and — -2 .
mixture y+1 mixture y+1

of a

So, when we remove a spoonful of the mixture and put it into the pitcher of cream, we are really removing

spoonful of cream and spoonful of coffee. Thus the amount of cream left in the mixture (cream in the coffee) is

Iy
y+1 7~ y+1

of a spoonful. This is the same as the amount of coffee we added to the cream.

7. Let r be the radius of the earth in feet. Then the circumference (length of the ribbon) is 27v7. When we increase the radius
by 1 foot, the new radius is r + 1, so the new circumference is 27 (r + 1). Thus you need 27 (r 4+ 1) — 27vr = 27 extra
feet of ribbon.
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2 Principles of Problem Solving

8. The north pole is such a point. And there are others: Consider a point a; near the south pole such that the parallel passing
through a; forms a circle C; with circumference exactly one mile. Any point P; exactly one mile north of the circle C;
along a meridian is a point satisfying the conditions in the problem: starting at P; she walks one mile south to the point a;
on the circle C1, then one mile east along C returning to the point a1, then north for one mile to P;. That’s not all. If a
point ay (or a3, ay, as, ...) is chosen near the south pole so that the parallel passing through it forms a circle Cp (C3, Cy,
Cs, ...) with a circumference of exactly % mile ( % mi, % mi, % mi, . ..), then the point P, (P3, P4, Ps, ...) one mile north
of ap (a3, ay, as, ...) along a meridian satisfies the conditions of the problem: she walks one mile south from P, (P3, Py,
Ps, .. .)arriving at ap ( a3, a4, as, .. .) along the circle Cp (C3, C4, Cs, .. .), walks east along the circle for one mile thus
traversing the circle twice (three times, four times, five times, . . .) returning to a; (a3, a4, as, . . .), and then walks north one
mile to Py ( P3, P4, Ps, .. .).
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P PREREQUISITES

P1  MODELING THE REAL WORLD WITH ALGEBRA

. Using this model, we find that if S = 12, L =4S = 4 (12) = 48. Thus, 12 sheep have 48 legs.
. If each gallon of gas costs $3.50, then x gallons of gas costs $3.5x. Thus, C = 3.5x.

. If x = $120 and T = 0.06x, then T = 0.06 (120) = 7.2. The sales tax is $7.20.

. If x = 62,000 and T = 0.005x, then T = 0.005 (62,000) = 310. The wage tax is $310.

Ifo =70,t =3.5,and d = vt, thend = 70 - 3.5 = 245. The car has traveled 245 miles.

. V=nlh=m (32) (5) = 457 ~ 141.4 in3

N 240
7. (@A M = -8 = 30 miles/gallon 8. (a) T =70 —0.0032 = 70 — 0.003 (1500) = 65.5° F

175 175
(b)25=— & G = — =7 gallons
G 25

=Y I T I S

(b) 64 =70 —0.003/ < 0.003h = 6 < h = 2000 ft

9. (@) V=955=95 (4 km3) — 38 km? 10. (a) P = 0.0653 = 0.06 (123) — 103.7 hp
(b) 19km? =9.55 & § =2 km? (b) 7.5 = 0.065% & s3 = 12550 5 = 5 knots
11. (a) > (b) We know that P = 30 and we want to find d, so we solve the
Depth (ft) Pressure (Ib/in®) equation 30 = 14.7 4+ 0.45d < 15.3 = 0.45d <
0 0.45(0) + 147 = 14.7 153
d = —— = 34.0. Thus, if the pressure is 30 1b/in2, the depth
10 0.45(10) + 147 =19.2 0.45
20 0.45 (20) + 14.7 = 23.7 is 34 ft.
30 0.45 (30) + 14.7 =28.2
40 0.45(40) + 14.7 = 32.7
50 0.45(50) + 14.7 =37.2
60 0.45(60) + 14.7 =41.7
12. (a) (b) We solve the equation 40x = 120,000 &
Population Water use (gal) 120.000
X = ’ = 3000. Thus, the population is about 3000.
0 0 40
1000 40 (1000) = 40,000
2000 40 (2000) = 80,000

3000 40 (3000) = 120,000
4000 40 (4000) = 160,000
5000 40 (5000) = 200,000

13. The number N of cents in g quarters is N = 25¢.

b
14. The average A of two numbers, a and b, is A = a —; .

15. The cost C of purchasing x gallons of gas at $3.50 a gallon is C = 3.5x.
16. The amount T of a 15% tip on a restaurant bill of x dollars is 7 = 0.15x.
17. The distance d in miles that a car travels in ¢ hours at 60 mi/h is d = 60t.
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4

18.
19.

20.

21.

22,

23.

CHAPTERP  Prerequisites

d
The speed r of a boat that travels d miles in 3 hours is r = 3

(@) $124+3(81) =$124+$3 =815
(b) The cost C, in dollars, of a pizza with n toppings is C = 12 + n.
(¢) Using the model C = 12 + n with C = 16, we get 16 = 12 + n & n = 4. So the pizza has four toppings.

(a) 3(30) +280(0.10) =90 + 28 = $118

dail d t il
(b) The cost is ay X ays + COS, X m.1 s ,80C =30n +0.1m.
rental rented per mile driven

() We have C = 140 and n = 3. Substituting, we get 140 = 30(3) +0.1m & 140 =90+ 0.1m < 50 = 0.1m <
m = 500. So the rental was driven 500 miles.

(a) (i) For an all-electric car, the energy cost of driving x miles is C, = 0.04x.
(ii) For an average gasoline powered car, the energy cost of driving x miles is Cg = 0.12x.

(b) (i) The cost of driving 10,000 miles with an all-electric car is C, = 0.04 (10,000) = $400.
(ii) The cost of driving 10,000 miles with a gasoline powered car is Cg = 0.12 (10,000) = $1200.

(a) If the width is 20, then the length is 40, so the volume is 20 - 20 - 40 = 16,000 in3.
(b) In terms of width, V = x - x - 2x = 2x°.
da+3b+2c+1d+0f 4a+3b+2c+d
a+b+c+d+f  at+btcH+d+f’
(b) Usinga =2-3=6,b=4,c=3-3=09,andd = f = 0 in the formula from part (a), we find the GPA to be
4.6+3-44+2-9 54

=— ~284.
6+4+9 19

(a) The GPA is

P2  THEREAL NUMBERS

. (a) The natural numbers are {1, 2, 3, ...}.

(b) The numbers {..., —3, —2, —1, 0} are integers but not natural numbers.

(¢) Any irreducible fraction 4 with g # 1 is rational but is not an integer. Examples: %, —%, %
q

(d) Any number which cannot be expressed as a ratio L of two integers is irrational. Examples are V2,43, 7, and e.
q

. (a) ab = ba; Commutative Property of Multiplication

(b) a+ (b +c) = (a + b) + c; Associative Property of Addition
(¢) a (b + c¢) = ab + ac; Distributive Property

. The set of numbers between but not including 2 and 7 can be written as (a) {x | 2 < x < 7} in interval notation, or (b) (2, 7)

in interval notation.

4. The symbol |x| stands for the absolute value of the number x. If x is not 0, then the sign of |x| is always positive.

5. The distance between a and b on the real line is d (a, b) = |b — a|. So the distance between —5 and 2 is |2 — (=5)| = 7.

. . . a
. (a) Yes, the sum of two rational numbers is rational: — + — =

c ad + bc

b d bd
(b) No, the sum of two irrational numbers can be irrational (7w + 7t = 27r) or rational (—7 + 7 = 0).

. (@) No:a—b=—(b—a)# b —ain general.

(b) No; by the Distributive Property, —2 (¢ — 5) = —2a + =2 (=5) = —2a + 10 # —2a — 10.

. (a) Yes, absolute values (such as the distance between two different numbers) are always positive.

(b) Yes, |b —a| =|a—b|.
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11.

13.

15.

17.

19.

21.

23.

25.

27.

29.

31.

33.

35.

37.

39.

41.

. (a) Natural number: 100

(b) Integers: 0, 100, —8
(¢) Rational numbers: —1.5, 0, %, 2.71,3.14, 100, —8

(d) Irrational numbers: S, —m

Commutative Property of addition
Associative Property of addition
Distributive Property

Commutative Property of multiplication
x+3=3+x

4(A+B)=4A+4B
3(x+y)=3x+3y
42m)=4-2)ym =8m

—3 2x —4y) = —3 2x) + 3 (4y) = —5x + 10y

@2-3=6and2 -5 =703 <1
(b) —6 > —7

©35=3

(a) False

(b) True

(a) True (b) False

@x>0 (b))t <4
©a>mw @-5<x<1%
@ lp=3l<5

(@ AUB ={1,2,3,4,5,6,7,8}

(b) ANB =1{2,4,6}

SECTIONP2  The Real Numbers

10. (a) Natural number: /16 (= 4)
(b) Integers: —500, /16, —2—50 (=-4)
(c¢) Rational numbers: 1.3, 1.3333 ..., 5.34, —500, l%
(d) Irrational number: V3

12. Commutative Property of multiplication

14. Distributive Property

16. Distributive Property

18. Distributive Property
20.7(3x) = (7-3)x
22.5x+5y=5x+Yy)
24. (a — b)8 = 8a — 8b
26. % (—6y) = [ (=6)] y = 8y
28. (3a) (b + ¢ — 2d) = 3ab + 3ac — 6ad

30.

32.

2 3 2
2 1 2 1 2 1
(b) 5t _5+3  5+3 10445 _ 9
1,3 L I- 1 1T 0714273
10 15 1 5 10 5

0
34.(2)3-3=2and3-0.67=2.01,50 % < 0.67
(b) 3 > —0.67

(c) 10.67| = |—0.67|

36. (a) False: v/3 ~ 1.73205 < 1.7325.
(b) False

38. (a) True (b) True

40.(a) y <0 byz>1
©b<38 do<w<17
@ly—-=l=2

42.(a) BUC =1{2,4,6,7,8,9, 10}

(b) BNC = {8}
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43.

45.

47.

49.

51.

53.

5S.

57.

59.

61.

63.

65.

CHAPTERP  Prerequisites

(@) AUC=1{1,2,3,4,5,6,7,8,9, 10}

(b) ANC = {7}

(@ BUC ={x]|x <5}

44.(a) AUBUC =1{1,2,3,4,5,6,7,8,9, 10}
b)ANBNC =02

46.(a) ANC={x]|—-1<x<5}

b)) BNC={x|—-1<x<4) b ANB={x|-2<x <4}
(=3,0) = {x | -3 <x <0} 48.(2,8] ={x |2 < x < 8}
-3 0 2 8

[2,8) = {x|2<x <8}

o[- -4] =16 = -3)

[2,00) ={x | x > 2}

N

_6 —

52.(—oo, 1) ={x|x <1}

x<lexe(—oo,1]

Y

Mq.1<x<2sxell,2]

—2<x<lexe (-2,

1] 56.x > =5 x € [-5,00)

—2

x>—-lexe(—1,00)

Y

1 -5

58. 5<x<2oxe(-52)

(@) [-3,5]

Y

(b) (-3,5] 60. (a) [0,2) () (=2,0]

(-2,00U(-=1,1)=(-2,1) 62. (—2,00N(—1,) =(-1,0)

—2

[—4,6]1 N[0, 8) = [0, 6]

1 -1 0

64.[—4,6]U[0, 8) =[—4,8)

(=00, —4) U (4, o0)

6 —4 8

66. (—o0, 6] N (2, 10) = (2, 6]
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67.

69.

71.

73.

75.

77.

78.

79.

81.

83.

84.

85.

SECTIONP2  The Real Numbers 7

(a) [100] = 100 68. @) [v5—5| = (V3—5) =5 =5, since 5 > V5.
(b) |-73]1 =73 (b) |10 — 7| = 10 — 7r, since 10 > 7.
@ [||-6l—|-4ll=16—4=2 =2 70. (a) |2 — |-12|| =12 — 12| = |-10| = 10
b ==+ =-1 () —1—1—|=1]l==1—[1=1]=-1—]0] = —1
(@) (=2) - 6] = [=12] = 12 72. (a) ‘g—f( - (—H =1
1 _
MR o = ==
I(=2) = 3| = |-5| =5 74.|-2.5— 15| = |—4| =4
7 1 49 5 54 18 18
@ [17-2| =15 76. @) | F5 — (= r)| = |36 + 35| = | 5| = || = &
(b) 121 — (=3)] = [21 + 3| = |24] = 24 (b) |=38 — (=57)| = |=38 + 57| = |19] = 19.
11 12
© ’—% -R=-%-%=-%=% (©) |-2.6 — (—1.8)] = |-2.6 + 1.8] = |-0.8| = 0.8.

(@) Letx =0.777....So 10x =7.7777... ©x =0.7777... ©9x = 7. Thus, x = %

(b) Let x = 0.2888 ... So 100x = 28.8888 ... <> 10x = 2.8888 .. <> 90x = 26. Thus, x = 38 = 3.
(¢) Letx = 0.575757.... So 100x = 57.5757... < x = 0.5757... & 99x = 57. Thus, x = 55 = 43.

(a) Letx =5.2323.... So 100x = 523.2323... & Lx = 5.2323... ¢ 99x = 518. Thus, x = 3L
(b) Letx = 1.3777.... So 100x = 137.7777 ... & 10x = 13.7777... < 90x = 124. Thus, x = 124 = &2,
(¢) Letx = 2.13535.... So 1000x = 2135.3535. .. < 10x = 21.3535... <> 990x = 2114. Thus, x = F = 17,

>3 s0|mr=3=m—-3. 80.«/§>1,so‘1—«/§‘:«/§—1.
a<bsola—bl=—(@—-b)=>b—a. 82.a+b+la—bl=a+b+b—a=2b
(a) —a is negative because a is positive.

(b) bc is positive because the product of two negative numbers is positive.
(¢) a — ba + (—b) is positive because it is the sum of two positive numbers.
(d) ab + ac is negative: each summand is the product of a positive number and a negative number, and the sum of two

negative numbers is negative.

(a) —b is positive because b is negative.
(b) a + bc is positive because it is the sum of two positive numbers.
(¢) ¢ —a = c+ (—a) is negative because ¢ and —a are both negative.

(d) ab? is positive because both a and b? are positive.

Distributive Property
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86.

87.

88.

89.

90.

CHAPTERP  Prerequisites

Day To | T | To —Tg | ITo — Tl
Sunday 68 | 77 -9 9
Monday 72 | 75 -3 3
Tuesday 74 | 74 0 0
Wednesday | 80 | 75 5 5
Thursday 77 | 69 8 8
Friday 71 | 70 1 1
Saturday 70 | 71 -1 1

To — T gives more information because it tells us which city had the higher temperature.

(@) When L =60, x =8,and y =6, wehave L +2 (x + y) = 60 4+ 2 (8 + 6) = 60 + 28 = 88. Because 88 < 108 the
post office will accept this package.
When L =48, x =24,and y = 24, we have L + 2 (x + y) = 48 + 2 (24 + 24) = 48 + 96 = 144, and since
144 £ 108, the post office will not accept this package.

(b) Ifx=y=9,thenL +2(9+9) <108 & L +36 < 108 & L < 72. So the length can be as long as 72 in. = 6 ft.

m m . m m miny + mon
Let x = —L and y = Z2 be rational numbers. Then x + y = e
ny ny ni nj ninz
m m miny —mon mp m mim . .
X —y= it N M, andx -y = T 72 _ T2 hig shows that the sum, difference, and product
ni nj ninz nyp  np ninz

of two rational numbers are again rational numbers. However the product of two irrational numbers is not necessarily

irrational; for example, /2 - +/2 = 2, which is rational. Also, the sum of two irrational numbers is not necessarily irrational;

for example, \/E + (—«/5) = 0 which is rational.

% + ﬁ is irrational. If it were rational, then by Exercise 6(a), the sum (% + «/5) + (—%) = ﬁ would be rational, but

this is not the case.

Similarly, % . «/5 is irrational.

(a) Following the hint, suppose that r + ¢ = ¢, a rational number. Then by Exercise 6(a), the sum of the two rational
numbers r + ¢t and —r is rational. But (r + ¢) 4+ (—r) = ¢, which we know to be irrational. This is a contradiction, and
hence our original premise—that r + ¢ is rational—was false.

. . a . . ..
(b) r is rational, so r = A for some integers a and b. Let us assume that r# = ¢, a rational number. Then by definition,

c a c bc
q= 7 for some integers ¢ and d. But thenrt = ¢ & Et = whence t = 7 implying that ¢ is rational. Once again
a

we have arrived at a contradiction, and we conclude that the product of a rational number and an irrational number is

irrational.

x | 112 |10 | 100 | 1000

R
X 2 10 100 1000

As x gets large, the fraction 1/x gets small. Mathematically, we say that 1/x goes to zero.

x | 1]05 0.1 0.01 0.001
Ly =2 =10] & =100 | ~47 = 1000
X 0.5 0.1 0.01 0.001

As x gets small, the fraction 1/x gets large. Mathematically, we say that 1/x goes to infinity.
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SECTION P3  Integer Exponents and Scientific Notation

91. (a) Construct the number +/2 on the number line by transferring

N
the length of the hypotenuse of a right triangle with legs of 2 " \\
length 1 and 1. | / 1 1 | /
-1 0 1 V2 2 3
(b) Construct a right triangle with legs of length 1 and 2. By the _ |
5 \
Pythagorean Theorem, the length of the hypotenuse is v 1
I
V12 422 = /5. Then transfer the length of the hypot = , = ;
+ /5. Then transfer the length of the hypotenuse a . . N

to the number line.

(¢) Construct a right triangle with legs of length +/2 and 2

[construct v/2 as in part (a)]. By the Pythagorean Theorem,

2
the length of the hypotenuse is (\/5) +22 = /6. Then

transfer the length of the hypotenuse to the number line.

92. (a) Subtraction is not commutative. For example, 5 — 1 # 1 — 5.
(b) Division is not commutative. For example, 5 -1 # 1 = 5.
(c) Putting on your socks and putting on your shoes are not commutative. If you put on your socks first, then your shoes,
the result is not the same as if you proceed the other way around.
(d) Putting on your hat and putting on your coat are commutative. They can be done in either order, with the same result.
(e) Washing laundry and drying it are not commutative.
(f) Answers will vary.
(g) Answers will vary.
93. Answers will vary.
94. (a) Ifx =2andy =3,then |x + y| =[24+3| =|5| =5and |x| + |y| = 12| + 3| =5.
If x =—2and y = —3, then |[x + y| = |-5] =5 and |x| + |y| = 5.
Ifx=-2andy=3,then|x 4+ y| =|-2+ 3| =1and |x| + |y| =5.
In each case, |x + y| < |x| + |y| and the Triangle Inequality is satisfied.

(b) Case 0: If either x or y is 0, the result is equality, trivially.
. x4y if x and y are positive
Case 1: If x and y have the same sign, then [x + y| = = |x| + |yl
—(x+y) ifxandy are negative
Case 2: If x and y have opposite signs, then suppose without loss of generality that x < 0 and y > 0. Then
Ix +yl <l=x+yl = |x[+ [yl

P3  INTEGER EXPONENTS AND SCIENTIFIC NOTATION

. Using exponential notation we can write the product5-5-5-5-5-5as 59,
. Yes, there is a difference: (—5)* = (=5) (—=5) (=5) (=5) = 625, while =5* = — (5-5-5 - 5) = —625.

. In the expression 34, the number 3 is called the base and the number 4 is called the exponent.

W N =

. When we multiply two powers with the same base, we add the exponents. So 3%.35 =39
35

5. When we divide two powers with the same base, we subtract the exponents. So 7 =33

2
6. When we raise a power to a new power, we multiply the exponents. So (34) =38,
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25. (

(@27l ==

CHAPTERP  Prerequisites

1 51 N R
(b) 2 =3 (C)(E) =2 (d)2_3_2 =38

. Scientists express very large or very small numbers using scientific notation. In scientific notation, 8,300,000 is 8.3 x 100

and 0.0000327 is 3.27 x 1072,

2\72 /3\? o9 4 4 4
. () No, (5) - (5) - (b) Yes, (=5)* = 625 and —5% = — (5 ) — —625.
N s 4\ _ 03 (4) g 12
(a)No,(x) — x23 = x5, (b)No,(Zx) —2 (x) —8x!12,
1\?2 12 (=3)3 27
—20 = —64 b) (—2)° = 64 —) (3P —L =
(@ ) (-2) ©(5) =T --%
2\2 (=52 (2)?2
@ (=5)° =-125 (b) =53 = —125 (©) (—5)2 - (g) _ ()5% _
5\° 1 273 1 1\ 2
2) -l ) = — = - —) =4=16
@ (3) 2 P =5=5 © (4)
@27 (-0 =—L =—1 ()23 (-2)0=-23=—38 o(2) -2 Y
o237 - - 3 (=23 8
3
(@) 53.5="5% =625 1)32.30=32=9 (c)(22) —26—64
2
(a) 38 .35 =313 = 1,594,323 1) 6°-6=6 © (54) — 58 — 390,625
(@ 5*.572=52=25 ) 2 _ 103 = 1000 (c)ﬁ _1_1
T 104 B 373279
1 1 54 721 1
37337 =374 = — = — b) — =53 =125 —_—=— =
@ 34 81 () 5 © 75 73 343
3
(@) x2x3 = x23 = (b) (—+2)" = (=)} 23 = =4 (© 17315 = =345 = 2
@ y>-y2=y"*2=y7 (b) (8x)% = 8%x% = 64x? ©xtx 3 =x43 =x
1 1
(a) x—5 . x3 — x—5+3 — X_2 —_ (b) w—zw—4w5 — w—2—4+5 — w—l -
Xz w
10,,0
(© Y 7y — y10+0-7 _ |3
(@) y2 . y=5 = y25 = y=3 = 1 PRI R S R B R x0 (610 _ 1
)3 2 10 4
942 3 3 3
aa = 9-2-1_ 6 2 4\ _ (.244\ _ (,6) _ 63 _ 18
(a) p =a =a (b)(aa) —<a ) —(a) =a’’ =a
© (2x)? (5x6) — 2252 . 556 — 20x2+6 — 20,8
2 4 244 6 4 4 4
Z Z _ .
() e 672 =4 (1) (2a3a2) _ (2a3+2) _ (2a5) — 24454 — 16420

23
( 3z2)3 (213) = (=3)3 223223 = —54,6+3 = 5429

(a) (szy)( ) =3~2x2+3y=6x5y
(

®) (2426~ 1) (3a—2b2) —2.3a22p" 12 —¢p
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26. (

27.

28. (

29.

30.

31.

SECTION 3 Integer Exponents and Scientific Notation

(4y2) (x4y) — 4y2x*2y2 — 48242 — 4,84
(4)63 2) ( ) =4.7x3y7 = 28x3y7

(b) (9722%) (3y32) =93y 7232+ = 27y23

(

) 8 7 2 22 .8 7,2 32 7,2
8x7y2) (lx3y) - = 3; 2y = )66 ;) =32x776y2"2 = 32«
(1 3 ) X7y x°y

X7y

2
(@) (2x2y3) Gy) = 22x22y32 .3y = 12247

2 -1
X X
(b) y w2 5)y=l = x7y=1 =

@ (X3y3)_1 - x31y3
(b) (a2b—2)—3 (as) 2_a2( =3)p=2(=3) ;3(-2) — ;66,6 — :%

-2 3
x? 2y~ 2(=2) = (=2)(=2) . 73 ,=3(3)  —2(3) _ 4 —4 g —9. .6 —4-6,-4-9 _ _ 8
(c) — 3 =X y - 22y70Wx =x""yT7T-8y77xT% =8x y TN

_ 4\ "3 2\* 6
@ (+29) (—) =(;—4) -5
(

—1 -3 X
2 —-3.4 — —2~-3 —3(_3) 4(_3) = —_—
y ) (ZX y ) Y2 y gy14

ZINS3 /N2
© (% b7} 5-3,-1=3)y=(=2)(=3) = 12)p—24—2(2) _ __!
=2 242 32ab8

) )
y2 - y3 702432 T 46

y! -3\ 72 4y

© (5 - =yl D= (D) (=1)3-2,=3(=2)=2(-2) _ X7

X 9

l_31’_4113541122a2

=5p—1
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33.

34.

35.

37.

39.

40.

41.

42.

43.

44.

CHAPTERP  Prerequisites

-2 2 2
x2 y 5x4 5x2 25x4
5x X<y y y

-1 _
© (22 (L)z _ (i) (Y
72 372 yz 9z4 1823
-1 3
(a) (3—“) _3-lg-1p3-n = 2
b 3a
-1
-1,.-1.-2 -5..,-8 3
wy (L2 ) = L3 81,5 (-l = 2
r=55q—8 g 1152 P
24\ "2 25¢10
(a) — 2(=2)=(=1)(=2);—4(-D)-1(-2)5—(-2) — =21 _
551t $6
2,3\ 3415
m (22— — x~323) = 2=3)=3(=3) ;=3 (=3~ (=4)(=3) — T T
x2y3z_4 23
(a) 69,300,000 = 6.93 x 107 36. (a) 129,540,000 = 1.2954 x 108
(b) 7,200,000,000,000 = 7.2 x 10!2 (b) 7,259,000,000 = 7.259 x 10°
() 0.000028536 = 2.8536 x 107> (¢) 0.0000000014 = 1.4 x 10~°
(d) 0.0001213 = 1.213 x 10~* (d) 0.0007029 = 7.029 x 10~*
(@) 3.19 x 10° = 319,000 38. (a) 7.1 x 1014 = 710,000,000,000,000
(b) 2.721 x 108 = 272,100,000 (b) 6 x 10!2 = 6,000,000,000,000
() 2.670 x 10~8 = 0.00000002670 (c) 8.55 x 1073 = 0.00855
(d) 9.999 x 10~9 = 0.000000009999 (d) 6.257 x 10~10 = 0.0000000006257

(@) 5,900,000,000,000 mi= 5.9 x 10!2 mi

(b) 0.0000000000004 cm = 4 x 10~13 cm

(¢) 33 billion billion molecules = 33 x 10% x 10° = 3.3 x 10! molecules
(a) 93,000,000 mi = 9.3 x 107 mi

(b) 0.000000000000000000000053 g = 5.3 x 10723 g

(¢) 5,970,000,000,000,000,000,000,000 kg = 5.97 x 10%* kg

(7.2 x 10—9) (1.806 x 10—12) —72%1.806 %1079 x 10712~ 13.0 x 1072 = 1.3 x 10~20

(1.062 x 1024) (8.61 x 1019) —1.062 x 8.61 x 1024 x 1019 ~ 9.14 x 10%3

1.295643 x 107 1295643
(3.610 x 10=17) (2.511 x 10°) ~ 3.610 x 2.511

x 109176 2 0.1429 x 109 = 1.429 x 1019

28 28
(73.1) (16341 x 10%) (731 10) (1.6341 x 10%) 731, | 6341

- = x 101+28=(=9) ~ 6.3 x 1038
0.0000000019 1.9 x 10—9 1.9

=5 -2
(0.0000162) (0.01582) (1'62 x 10 ) (1'582 x 10 ) _ 62X LS8 s o sn o s 10-12
(594621000) (0.0058) ~ (5.94621 x 108) (5.8 x 10=3) ~ 5.94621 x 5.8 o

=74 x 10"
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46.

47.

48.

49.

50.

51.

52,

53.

54.

5S.

SECTIONP3  Integer Exponents and Scientific Notation 13

9
—6
(3.542 x 10 ) _ (3542)7 x 1073 87747.96

= = x 1073448 2 3,19 x 107* x 107102 ~ 3.19 x 107106
(5.05x 10412 (5,092 x 104 275103767.10

’1050 - 1010( < 10%0, whereas {10101 — 10100 = 10100 |10 — 1] = 9 x 10190 > 10%0. So 1010 is closer to 10°° than

10100 i5 ¢ 10101,

(a) b is negative since a negative number raised to an odd power is negative.

) b1%is positive since a negative number raised to an even power is positive.

(¢) ab?c® we have (positive) (negative)2 (negative)3 = (positive) (positive) (negative) which is negative.

(d) Since b — a is negative, (b — a)’ = (negative)3 which is negative.

(e) Since b — a is negative, (b — a)4 = (negative)4 which is positive.
a3 . (positive)? (negative)? _ (positive) (negative)  negative

= = = which is negative.
® bOc®  (negative)® (negative)®  (positive) (positive)  positive s

Since one light year is 5.9 x 10'2 miles, Centauri is about 4.3 x 5.9 x 1012 a 2.54 x 10!3 miles away or
25,400,000,000,000 miles away.

9.3 x 107

— —gl
WS—SOOS—S@HIIH.

9.3 x 107 mi = 186, 0002 x 1 s <1 =
S
103 liters

Volume = (average depth) (area) = (3.7 x 103 m) (3.6 x 1014 mz)( 3
m?

)z 1.33 x 10%! liters
national debt _ 1.674 x 103

= ~ $52,900.
population 3.164 x 108 5

Each person’s share is equal to

The number of molecules is equal to
lit lecul 6.02 x 1023
(volume) - [ =22 ) . (ZOEUES) _ (5. 10. 3). (103) 222 )~ 403 x 1077
m3 22.4 liters 22.4
(a)
. . w
Person | Weight Height BMI = 703m Result
Brian 2951b | 5ft10in. =70 in. 42.32 obese
Linda 105 1b 5ft6in. = 66 in. 16.95 underweight
Larry 220 1b 6 ft4in. = 76 in. 26.78 overweight
Helen 1101b 5ft2in. = 621in. 20.12 normal

(b) Answers will vary.

Year | Total interest
1 $152.08
2 308.79
3 470.26
4 636.64
5 808.08

56. Since 10° = 10% - 10 it would take 1000 days =~ 2.74 years to spend the million dollars.

Since 109 = 103 - 10° it would take 10® = 1,000,000 days = 2739.72 years to spend the billion dollars.
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14 CHAPTERP  Prerequisites

5 5
5. () = (ﬁ) LR

9
(b) 206 (0.5)0 = (20 0.5)° = 10° = 1,000,000
m
58. (a) We wish to prove that —n = a™™" for positive integers m > n. By definition,
a
m factors
m
k a a . a ..... a .
a“ =a-a----- a. Thus, — = ——— . Because m > n, m —n > 0, so we can write
— e a” a-a----- a
k factors
n factors
n factors m—n factors m—n factors
m a.a ..... a.a.a ..... a a.a.....a m—n
— = = =da
alt a-a-----a 1
— e
n factors

n n
(b) We wish to prove that (%) - L for positive integers m > n. By definition,

bn
n factors
a\n _a a a_ a-a----- a a"
(Z) bbb bbb b
n factors n factors
a\—n b"
59. (a) We wish to prove that (Z) = i By definition, and using the result from Exercise 58(b),

bi’l

—n m —n

1
. a b .. a an
(b) We wish to prove that P By definition, =1 ] o
bm

P4 RATIONAL EXPONENTS AND RADICALS

1. Using exponential notation we can write 5 as 5173,

2. Using radicals we can write 51/2 g5 ﬁ
1/2 2 2
3. No. v/32 = (52) /> Z520/2) Z 5 ana (ﬁ) = (51/2) =51/22 _5,

4. (41/2)3 —23—g (43)1/2 —64l/2 =3

5. Because the denominator is of the form 1/a, we multiply numerator and denominator by /a: \/Li = % . % =
6.513.523 =51 =5
7. No. If a is negative, then Vaa? = -
8. No. For example, if a = —2, then \/a— «/_ = 2«/— 2,buta +2=0.
9. % =3"172 10. V72 = 723
11. 423 = Y42 = {16 12.107%/2 = (103/2)_1 = («/ﬁ)_l = %
0
J _ _ 1 1
13. V33 =535 142715 =2 3/2:ﬁ:%
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15.

17.

19.

21.

23.

25. (

217.

29.

31.

33.

35.

37.

39.
40.
41.
42.
43.

44.

45.
46.

a?/5 = \/5 a?

VA = 43

(@) V16 = V42 = 4
(b) Y16 = V24 =2

o ) -
6

(a) 3916 =372 .23 =

o VB _ [T _ z_ﬁ
V81 V81l Vo o 3

© J7 3.32 3.3
INT N2 T2

(@) V728 = /7-28 = /196 = 14
NZE 48

b ~— = /— =J16=4

()\/§ 3 V16

(0) ¥24354 = 324 .54 = Y1296 = 6

«/T \/72 _

(b)«/'&/_=&/_=4

I
()\[C/; 256 : 56_
V= x|
I32y0 = J25y0 =20 =2y 55
V1638 = V2538 = 242
Vxdy = (x3)1/3y1/3 =xJy

V36r2F = |/ (6r12)* = 6|r 12
Voar® = (8 ’x3’)1/3 =21x|

1

4

SECTION P4 Rational Exponents and Radicals

1 1
—_— = _5/2
16.\/)3 T X
1
SR

20. (a) V64 = V82 =38
(b) /=64 =/ (—4)> = —
© V=32 = (-2 =~

22.(a) 2981 =23 .33 =63

(b) J_ «/3 22 zﬁ

/2 32
()\/7 77

24. (a) V1224 = /1224 = /288 = /2. 122 = 122

V34 [5a
(b)%ﬂ/;:ﬁ:s

(©) Y1575 = J15-75 = Y1125 =

) \6/;6/128 =64=2

(c)ﬁ—:;i—\:;/z— 1 — _
Y108 V108 V271 27

28. /510 = (xlo)l/s = x2

30. V/3a5 = ¥V23d3a? = 2aVd>
32. /%30 = (x3y6)1/3 = x)?
34, /xyF = (x4y4)1/2 = x2)?

36. V484Th* = V2%a*b* 343 = 2 |ab| V3a3
38, Y8222 = VA Y222 = x| 22
42432 =12

¢32-5=5J§—3¢§=2J§

(3a—w?z

(x+2)Jx

VR2+VB=VI62+/02=V42 2432 2=

T AVB = V4 VIS = VT 34 VI =53 4 445 =943
VTB VB = VB S - 55— /75—

V- YTo= ST - T a=305-

VT a0 =

V16x + x/—:\/_+,/( )x:4\/f+x2 x:(x2+4)ﬁ
VAT «/_ x/T+3/23_—x3/_+23/_—

I = S - Y= Y-
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47.

48.

49.

50.

51.

52.

53.

54.

5S.

56.
57.

58.

59.

60.

61.

62.

63. (

64. (

65. (

66. (

67. (

CHAPTERP  Prerequisites

V8Ix2 +81 = /81 (x2+1) = VBIVx2 + 1 =9Vx2 + 1
V36x2 +36y2 = /36 (x2 + y2) = V/36/x2 + y2 = 6/x% + 2
1 1
1/4 _ _1251/3 _ _ -1p_ L+ _ 1
(a) 16 2 (b) —125 5 ©9 o1/Z = 3
N3
(@) 2713 =3 (b) (—8)!/3 =2 (c) — (g) =
) N2 N2 3 16\3/4  /o\3 3
@ 32/ = (3217) =22 =4 ®) (9) (4) 2 (C)(Sl) (3) 27
25\*% 5\ 125
(a) 125 5 25 (b) (64) (8) S (c) 27 3 a1
33/5 3
(@ 523513 =313 =5l =5 (b)) 5z =32 =3 (© (g/z) —40/33 4
3
(@) 37 .312/7 Z 32/7+12/7 _ 32 _ g (b) 23 — 72/3-5/3 _ 1 © (%)—10 — 6(1/9(=10) _ 1
75/3 7
Whenx =3,y =4,z =—1wehave /x2 +y2 =32 +42 =0+ 16=+25=5.
Whenx =3,y =4,z =—1wehave /x3 + ldy + 2z = /33 + 14(4) +2(=1) = Y27+ 56 —2 = /381 = V3% = 3.
When x =3,y =4, z = —1 we have
2/3 2/3
O3+ @R+ 23 =032+ @ 922+ (=¥ = (3) T+ (22) T+ !
=3242241=9+4+1=14
Whenx =3,y =4,z=—1wehave xy)% =(3-42" D =1272 = L.
(a) x3/4x5/4 — (3/4+5/4 _ 2 (b) y2/3y4/3 = y2/3+4/3 _ 2
(a) r1/6,5/6 — j1/6+5/6 _ (b) a3/543/10 = 43/5+3/10 _ 49/10
3
w4323 aS/4 (2a3/4)
() — WA/3H23-1/3 _ )5/3 (b) — 234(5/D+(3/4)3-1/4 _ g, 13/4
wl/3 /4
2
3/4,.7/4 2y4/3) " y72/3
X X
(a) =7 — X3/4+7/4_5/4 — X5/4 b) ( 2/3 — 4y8/3—2/3—7/3 — 4y—l/3 -
( eb%/z)m — 82/3,460/3)p(3/D2/3) — 444 (b) (4aSh8)3/2 = 43/245G/Dp83/2) = g,9p12
() (6 6b3) 23 4213452133213 — 16442 (b) (16w8z3/2)3/4 — 163/41,8(3/4),(3/2)3/4) _ 8,,6,9/8
23 _oap3 323 1 4,6\"3 _ ac173),6(-1/3) _ L
(a) (8 ) =38 4y2 (b) (u v ) =u v =I5

-3/5 X
=5,1/3 =5(=3/5),(1/3)(=3/5) —
)(x /) — x—5(=3/9) ,(1/3)( /)_W

-1/5
(b) <4 —1/2) ( t—5/4) / — 41/2,801/2)1(=1/2)(1/2) (3)=1/5 {(=5/4)(=1/5) — 7,4,~1/4 (%) /4 40 )

—2/3 1/6 |
( )( ) = x2/3+(=2)(1/6),=1/2=(=3)(1/6) = _
v/ X
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68.

69.

71.

73.

75. (5x) (2¥x) =5 - 2x 1314 = 10x7/12
&7
7. ‘/x_zi‘/x_zx
V%3
qo, 10000 _ 164> _ 4u
’ MDS - 1)4 - 0
81, Y e-1/A 12— 1/ y1/2=1/4 _ /Ayl
JT6éxy 2
83. 3yﬁ=(y1+1/2)1/3: Y3273 172
85. (a)izi.ﬁzﬁ
Vo V6 6 o6
®) é_é Q_ﬁ
27 /2 V22
© 2 9 234 9B
R R Y V2 IV R
1 1 5 5
87, () = L 5 ¥5x
V5x 5x S5x Sx
O
55 V5 5
1 1 x2/5 x2/5
© == 35 225
X X X
1 1 %) 32
89. (@) —= = —= «{)T:Jx—
JrooSx JxTox
1 1 I
) = = = ==
IS5 WS U o«
© 1 AE VA
¢ _

2,1/4

SECTION P4 Rational Exponents and Radicals

2122\ (a2, -4\2
(b) 7 = x (/D@25 =14) (= 1/ (4)41/2=2(1/2) |, —4(1/2) y=2(1/2)

= x2y80—4y—lo —1y=2,

16 (—1/4)  8(=1/4) y—4(=1/4)=4/3(~1/4) _ 2y_2

4
=1 =41 21 8-1-2-1 _ Xy
8

4/3

X

3a\-1/3 3/4.2
) 8y3/ (—8) 1/3 ,3/4(=1/3)=3(=1/3) ,—6(~1/3) _&
3,6 2
3= 3 70. /x5 = x>/
95: 5/9 L:L: =3/5
VxS =x 2. T3 on
( yy—s) ( yy—z) = y3/6.42/3 = y5/6+2/3 — \3/2 74. V53 /b = b3/4+1/2 = p5/4

76. (2/a) (Va?) = 2a1/2423 = 247/6

V/8x2
78. 8 =2x23  x7V2 = 2x1/6 =2 8/x
354xy 3[27y
2x5y
V“3b 23/2-3/4p1/2-2/4 _ ,3/4
K
84. V5753 — (1+3/2 V2 _ s
12 3 124/3
g6 212 V3_12V3_, 5
3 3 3 3
®) 12 V12 V5 _ V60 215
55 5 05 5
ST WP
VG TRB 5T s
88. (a) izﬁ.ﬁ: 3st
3t V3t V3t 3t
a a b2/3 ab?/3
O == E w2 T
| |25 2s
© =55 =735 35—
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CHAPTERP  Prerequisites

(a) Since § > 1,21/2 52173,

(b) (%)1/2 —2—1/2 gnd (%)1/3 =271/3.Since =} < —J, we have (%)1/2 < (%)1/3'

1/12 1/12
(a) We find a common root: 71/4 = 73/12 — (73) M2 343112, 413 — g412 (44) 2 2561/12. 50 71/4 = 4173,
1/6 1/6
(b) We find a common root: &/3 = 51/3 = 52/6 — (52) 10 _0s51/6. /3 = 31/2 = 33/6 — (33) 10 _ 27106, 50

J5 < V3.

| mil
First convert 1135 feet to miles. This gives 1135 ft = 1135 - ——-<

5280 feet
by D = 2rh +h2 = \/2 (3960) (0.215) + (0.215)2 2 4/1702.8 ~ 41.3 miles.

= 0.215 mi. Thus the distance you can see is given

(a) Using f = 0.4 and substituting d = 65, we obtain s = /30 fd = /30 x 0.4 x 65 ~ 28 mi/h.
(b) Using f = 0.5 and substituting s = 50, we find d. This gives s = 4/30fd < 50 = \/30- (0.5)d & 50 = V/15d &
2500 = 15d & d = 30 ~ 167 feet.

(a) Substituting, we get 0.30 (60)+0.38 (3400)1/2—3 (650)!/3 ~ 18+0.38 (58.31)—3 (8.66) ~ 18+22.16—25.98 ~ 14.18.
Since this value is less than 16, the sailboat qualifies for the race.

(b) Solve for A when L = 65and V = 600. Substituting, we get 0.30 (65) + 0.3841/2 — 3 (600)!/3 < 16 &
19.5+0.3841/2 = 2530 < 16 © 0.3841/2 =580 < 16 = 0.3841/2 < 21.80 & A!/2 < 5738 = A < 3292.0.
Thus, the largest possible sail is 3292 ft2,

Substituting the given val V= 1ags o 0050t
a stituting the given values we get = 1. —_— X . S.
(a) Substituting the given values we g 24.12/3.0.040

(b) Since the volume of the flow is V - A, the canal discharge is 17.707 - 75 = 1328.0 ft3/s.
(@)

n 1 2 5 10 100
pl/m [ 2l/1 =2 | 212 = 1414 | 21/5 =1.149 | 21/10 = 1 0972 | 21/100 — 1 007

So when n gets large, 21/n decreases toward 1.

(b)

n 1 2 5 10 100

(%)1/" (%)1/1 =05 (%)1/2 = 0.707 (%)1/5 = 0.871 (%)1/10 =0.933 (%)1/100 = 0.993

1/n
So when n gets large, (%) increases toward 1.

P5  ALGEBRAICEXPRESSIONS

1.

(a) 2x3 — %x + +/3 is a polynomial. (The constant term is not an integer, but all exponents are integers.)

(b) x2 - % —-3J/x = x2— % —3xY/2isnota polynomial because the exponent % is not an integer.

1
X2 4+4x+7
(d) x° +7x% — x + 100 is a polynomial.

is not a polynomial. (It is the reciprocal of the polynomial x24+4x+7)

(c)

(e) v/8x6 —5x3 +7x —3isnota polynomial. (It is the cube root of the polynomial 8x° — 5x3 + 7x — 3.)
(f) V3x*+5x% —15xisa polynomial. (Some coefficients are not integers, but all exponents are integers.)
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. To add polynomials we add /ike terms. So

(3x2+2x~|—4)+(8x2—x~|—1) — (348 2+ —Dx+@+1)=11x2+x +5.

. To subtract polynomials we subtract like terms. So

(2x3+9x2+x+10)—(x3+x2+6x+8) =Q2-Dx>4+0O-Dx2+(1—6)x+ (10 —8) = x> + 8x2 — 5x + 2.

. We use FOIL to multiply two polynomials:(x +2) (x +3) =x-x+x-34+2-x+2-3 = xZ+5x +6.
. The Special Product Formula for the “square of a sum” is (A + B)> = A% + 2AB + B2. So

2x4+3)2 = 2x)2 +22x)(3) + 3% = 4x2 + 12x +9.

. The Special Product Formula for the “product of the sum and difference of terms” is (A + B) (A — B) = A?2 - B2 So

G+x)5—x)=52—x2=25-x2.

. (@) No, (x +5)% = x2 + 10x + 25 # x2 + 25.

(b) Yes, if a # 0, then (x + a)? = x2 + 2ax + 2.

. (@) Yes, (x +5) (x —5) =x2 4+ 5x —5x — 25 =x2 —25.

(b) Yes,if a # 0, then (x +a) (x — a) = x2 + ax — ax + a% = x% + 4.

. Binomial, terms 5x3 and 6, degree 3 10. Trinomial, terms —2x2, 5x, and —3, degree 2
Monomial, term —8, degree 0 12. Monomial, term %x7, degree 7
Four terms, terms x, —xz, x3 , and —x4, degree 4 14. Binomial, terms /2x and —«/g, degree 1
6x—=3)+Bx+7N=6x+3x)+(-3+7)=9x+4

(B=7x) = (11 +4x) = (=Tx —4x) + B = 11) = —11x — 8
(2x2 - 5x) - (x2 —8x 4 3) - (2x2 —x2) F[=5x — (=8x)] + (=3) =x2 +3x — 3

(—2x2—3x—|—1)—|—(3x2+5x—4) - (—2x2+3x2)+(—3x+5x)+(1—4)=x2+2x—3
3x—1)4+4(x+2)=3x—-3+4x+8=7x+5

8(2x +5) —7(x —9) = 16x +40 — 7x + 63 = 9x + 103

(5x3+4x2—3x) —(x2+7x+2) :5x3+(4x2—x2)+(—3x—7x)—2:5x3+3x2—10x—2
4(x2—3x+5)—3(x2—2x+1) =42 —12x +20—3x2 4 6x =3 =x2 —6x + 17

2x (x = 1) = 2x2 — 2x 24.3y (2y +5) = 6y% + 15y

x2(x4+3) =x3 +3x2 26. —y (y2—2) =—y3 42y

2Q=50)+1(+10)=4—10r+12 +10r =12 + 4 28.5(31r —4) =21 (1 —3) = =212 + 211 — 20

r(r2—9)+3r2(2r—1) =3 —9r +6r3 =32 30.03 (0 — 9) — 202 (2 — 20) = v* — 503 — 402
=73 32 —9r

x2 (2x2—x—|—1) =24 —x3 442 32.3x3 (x4—4x2+5) =3x7 — 12x5 + 15x3

(x=3)(x+5)=x245r—3x—15=x242x—15 34.(44+x)2+x)=8+4x+2x +x2=x2 +6x+38

(s4+6)(2s +3) =252 435+ 125+ 18 =252+ 155+ 18 36. 2t +3)(r — 1) =202 =2t + 3t =3 =212 41 -3
(Bt —2) (7t —4) =212 =12 — 141 +8 =212 —26: +8 38.(4s — 1) (25 +5) =852 + 185 — 5

BGx+35)Q2x—1)=6x24+10x —3x =5 =6x2+7x =5 40.(7y —3) 2y — 1) = 14y> — 13y + 3
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85.

CHAPTERP  Prerequisites
x+3»2x—y) = 2x2 4 5xy — 3y?
(2r — 55) (3r — 25) = 6r2 — 19rs + 1052
(5x 4+ 1)2 =25x2 + 10x + 1
By =1 =Gy =26 (1) + 12 =9y -6y +1
Qu + 0)2 = 4u? + dup + 02
(2x 4 3y)% = 4x2 + 12xy + 9y2
(x2+ l)2 =x*+2x2+1
(x +6) (x —6) = x2 —36
Bx—4)Bx+4)=0Cx)?-42=92—16
(x+3y) (x =3y) =x> = (3y)? =x? = 9)?

(Vx+2) (Vx—2)=x—4

42. (4x — 5y) Bx — y) = 12x2 — 19xy + 5)2

44. (6u + 50) (u — 20) = 6u? — Tuv — 100>

46. (2 —7y)? =49y2 — 28y + 4

48. 2y +5)%2 = 2y)2 +2(2y) 5) + 52 = 4y2 + 20y + 25

50. (x — 3y)2 =x2— 6xy + 9y2
52. (r — 2s)2 =r2 — 4rs + 4s2
54. (2+ y3)2 =0 4+4y3 +4
56.(5—y)(5+y)=25—)2
58. 2y +5) (2y —5) = 4y — 25
60. Qu +v) Qu —v) = 4u? — 2

62 (V5 +2) (VF—v2) =y -2

(y+2)3:y3+3y2(2)+3y(22)+23:y3+6y2+12y+8

(x=33=x3-3x203)+3x (=32 =33 =x3 —ox2 +27x - 27

(-2 =13=3(12) @) +3() @)% = @)} = =8 + 127 —6r + 1

(3+2y)° =3 +3(32) @) +30) )7 + ) = 8> + 362 + 54y +27

(x+2)(x2+2x+3) =3 422 43+ 22 4+ 6=x> +4x2+Tx 46

(x+1)(2x2—x+1):2x3—x2+x+2x2—x+1:2x3+x2+1

(2x—5)(x2—x+1)=2x3—2x2+2x—5x2+5x—5=2x3—7x2+7x—5

(1+2x)(x2—3x+1):x2—3x+1+2x3—6x2+2x:2x3—5x2—x+1

VX (x—x)=x x—(\/f)zzx X —x

Y73 (y2/3 +y5/3) N VS T BN VE S T Q- S

72.x3/2 (Jx = 1/Jx) =x% —x
74, x1/4 (2x3/4 —x1/4) =2x —/x

2 2 2
(x2 - y2) = (xz) + (yz) +2x2y2 = x4 4yt 4 2x2y2

N2 1,
ct+t-) =5+c +2
Cc C

(x2 —a2) (x2+a2) =x*—a*
(Va—b) (Ja+b)=a—b?

L+x2) (1 22) = 1 = 29

8. (x1/2 + y1/2) (x1/2 _ y1/2) —x—y
80. (Vi +1+1) (VA2 +1-1) = n?

82.(1-0)2(1+b)2=b*—2b2+1

(
((x—1)+x2) ((x—l)—xz) =(x—1)2—(x2)2=x2—2x+1—x4=—x4+x2—2x+1
(

X4 (2+x2)) (x— (2—|—x2)) = —x*—3x2—4

Qx+y=3)2x+y+3)=Cx+y)2 =32 =4x2 +4xy +y2 -9
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+y+2)(x—y—z)=x2—y2 -2 —2y7
@ RHS =} [(@+5) = (a2 +?) | = § [(a? +? + 2ab) —a? + 7] = § (2ab) = ab = LHS
(b) LHS = (a2 + b2)2 - (a2 - b2)2 - (a2)2 + (b2)2 +24%0% — |:(a2)2 + (b2)2 - 2a2b2] — 4a%b? = RHS
LHS = (a? +57) (2 + d?) = a?¢? + a%d? + b2 + b2’
- (a2c2 022 + 2abcd) n (a2d2 +h22 — 2abcd) — (ac + bd)? + (ad — bc)® = RHS
(a) The height of the box is x, its width is 6 — 2x, and its length is 10 — 2x. Since Volume = height x width x length, we

have V = x (6 — 2x) (10 — 2x).
(b) V=x (60 —32x + 4x2) = 60x — 32x2 + 4x3, degree 3.

(¢) When x = 1, the volume is V = 60 (1) — 32 (12) + 4 (13) = 32, and when x = 2, the volume is
V =60(2) —32 (22) +4 (23) — 24,

(a) The width is the width of the lot minus the setbacks of 10 feet each. Thus width = x — 20 and length = y — 20. Since
Area = width x length, we get A = (x — 20) (y — 20).

(b) A= (x—20)(y —20) =xy —20x — 20y + 400

(c) For the 100 x 400 lot, the building envelope has A = (100 — 20) (400 — 20) = 80 (380) = 30,400. For the 200 x 200,
lot the building envelope has A = (200 — 20) (200 — 20) = 180 (180) = 32,400. The 200 x 200 lot has a larger
building envelope.

(@) A =2000(1+r)3 =2000 (1 +3r +3r2 + r3) = 2000 + 6000r + 6000r2 + 2000r3, degree 3.
(b) Remember that % means divide by 100, so 2% = 0.02.

Interest rate r 2% 3% 4.5% 6% 10%
Amount A $2122.42 | $2185.45 | $2282.33 | $2382.03 | $2662.00

@ P=R—C = (50x = 0.05x%) = (50 +30x — 0.1x2) = 50x — 0.05x> — 50 — 30x + 0.1 = 0.05x% + 20x — 50.
(b) The profit on 10 calculators is P = 0.05 (102) + 20 (10) — 50 = $155. The profit on 20 calculators is
P =0.05 (202) +20(20) — 50 = $370.

(@ Whenx =1, (x +5)2 = (1 +5)2 =36 and x2 + 25 = 12 4+ 25 = 26.
®) (x+52=x2+10x+25
(a) The degree of the product is the sum of the degrees of the original polynomials.

(b) The degree of the sum could be lower than either of the degrees of the original polynomials, but is at most the largest of
the degrees of the original polynomials.

(¢) Product: (2x3 +x— 3) (—2x3 —x+ 7) = —4x0 —2x% 4 1453 — 2x% — x2 4 Tx 4+ 6x3 4 3x — 21
= —4x0 — 4x* +20x3 — x2 +10x — 21

Sum: (2x3 +x - 3) + (—2x3 - X +7) =4.
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P6  FACTORING

11.

13.

14.
15.

17.

19.

21.
22,

23.

25.

27.

29.
30.

31.

33.

35.

37.

39.

. The polynomial 2x3 + 6x% + 4x3 has three terms: 2x7, 6x%, and 4x3.

. The factor 2x3 is common to each term, so 2x7 + 6x4 + 4x3 = 2x3 (x2 + 3x + 2).

[In fact, the polynomial can be factored further as 2x3 x+2)(x+1).]

. To factor the trinomial x2 + 7x + 10 we look for two integers whose product is 10 and whose sum is 7. These integers are 5

and 2, so the trinomial factors as (x + 5) (x + 2).

. The greatest common factor in the expression 4 (x + 1)2 —x(x+ 1)2 is (x + 1)2, and the expression factors as

4x+Dr—x(x+D2=(x+ D2 —x).

. The Special Factoring Formula for the “difference of squares” is A2 - B2 = (A- B)(A+ B). So

4x2 =25 = (2x — 5) 2x +5).

. The Special Factoring Formula for a “perfect square” is A2 4 2AB 4+ B2 = (A + B)2. So x2 + 10x + 25 = (x + 5)2.

. 5a—-20=5(@—4) 8.-3b+12=-3b-4)=3(-b+4)

. —2x3 4 x = —x (2){2 — l) 10. 3x* — 6x3 — x2 = x2 (3x2 —6x — 1)
2x2y — 6xy2 +3xy = xy (2x — 6y +3) 12. —7x*y? 4+ 14xy3 + 21xy* = 7x)? (—x3 +2y + 3y2)
yO=060+90(r—-6=0ur-6((+9

z+2?2-5@+2)=G@+2)[z+2)=51=(+2)(z-3)

248 4+T7=Ex+D(x+1) 16.x2+4x —5=(x+5 (x—1)
X242 —15=(x+5) (x—3) 18.2x2—5x—7=(x+1)(2x—7)
3x2—16x+5=0Cx— 1) (x = 5) 20.5x2 —Tx —6=(5x+3) (x = 2)

Gx+2)2+8Bx+2) + 12 =[(Bx +2) + 2] [Bx +2) + 6] = Bx +4) 3x + 8)
2@+b)2+5@@+b)—3=[a+b)+312@a+b)—11=(@+b+3)Qa+2b—1)

x2=25=(x=5)(x+5) 24.9-y2=3-y)G+y)
49 — 472 = (7= 22) (7 +22) 26.9a% — 16 = (3a — 4) Ba + 4)
16y =22 = (dy —2) 4y + 2) 28. % — 36b% = (a — 6b) (a + 6b)

G432 =2 =[+3) —y][c+DH+y] =G —y+3)x+y+3)
=+ =[x+ O+ [r -0 +)] =@ +y+5)x—y—5)

x2 4+ 10x +25 = (x +5)2 32.94 6y +y2 = (34 y)?

22— 122436 = (z — 6)2 34. w2 — 16w + 64 = (w — 8)2

412 =201 + 25 = (2t — 5)2 36. 16a% + 24a + 9 = (4a + 3)2

9u? — 6uv + 0% = Bu — 1))2 38.x2 + 10xy + 25y2 =(x+ Sy)2
3427 =(x+3) (x2—3x+9) 403 64 = (y—4) (y2+4y+ 16)
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843 —1=(2a—1) (4a2 +2a+ 1) 42.8 427w = (2 4 3w) (4— 6w +9w2)

27x3 +y3 = Bx +y) (9x2 —3xy+ y2) 44. 14 1000y3 = (1 + 10y) (1 — 10y + 100y2)

ud =00 =ud — (02)3 = (u — 1)2) (u2 +uv? + 1)4) 46. 8r3 — 6415 = (2r - 412) (4r2 +8r12 + 16t4)

x3+4x2+x+4=x2(x+4)+1(x+4)=(x+4)(x2+1)
3x3—x2+6x—2:x2(3x—1)+2(3x—1):(3x—1)(x2+2)
5x3+x2+5x+1:x2(5x+1)+(5x+1):(x2+1)(5x+1)
18x3+9x2+2x+1=9x2(2x+1)+(2x+1)=(9x2+1)(2x+1)
x3+x2+x+1=x2(x+1)+1(x+1)=(x+1)(x2+1)
x5+x4+x+1:x4(x+1)+1(x+1):(x+1)(x4+1)

X2 xV2 = x1/2 (xz— l) =/x@x=-Dx+1

312 a2 4 32 =12 (344 2) = (2=) G4 m (1 +0)
NG

Start by factoring out the power of x with the smallest exponent, that is, x~3/2.So

1 2
x 732 poxm 2 X2 = 732 (1 +2x +x2) = ( —‘3_/);)
X

(=172 = (x—1)3/2 = (x = 1)3/2 [(x —1)2 - 1] — =132 = 1) = 1][(x = 1) + 1]

=@ -1 (x=2)(x)

. . . -1/
Start by factoring out the power of (x2 + l) with the smallest exponent, that is, (x2 + 1) .

(241) a2 (2 a1) o () (2 1) 2] - R

X241
24+ D2 46126+ )72 = 2+ D)2 (0 + D) 2] = Al
JEVx +1

So

2218 (x =2)2B —5x43 (x =) 1B =B =) V32 —-2) = 5x]=xP(x—=2)713 2x —4-5x)

=xB3 =218 (=3x -4 = (_326_74)%

Jx =2

3—1/2 (xz n 1)5/4 30 (xz + 1)1/4 — 12 (x2 + 1)1/4 [3 (x2 + 1) —x2 (1)]

1/4 1/4
=x~1/2 (x2 + 1) / (3x2 +3 - x2) =x1/2 (x2 + l) / (2x2 +3) =
1223 4 18x = 6x (2x2 n 3) 62.30x3 + 15x% = 15x3 (2 + x)
6y* —15y3 =3y3 2y - 5) 64. 5ab — 8abc = ab (5 — 8¢)
x2—2x—8=(x—4)(x+2) 66.x2—14x+48=(x—8)(x—6)
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CHAPTERP  Prerequisites
y2—8y+15=(y=3)(y = 5) 68.22+67:—16=(z—2)(z +8)
222+ 5x4+3=02x+3) (x+ 1) 70.2x2 +7x —4=(2x — 1) (x +4)

9x2—36x—45=9(x2—4x—5) —9(r—5)(x+1) 7282 4+10x+3=(@Ax+3)Qx+1)

6x2 —5x —6 = (3x +2) (2x — 3) 74.6 + 5t — 612 = (3 — 21) (2 + 31)
x2 =36 =(x —6) (x +6) 76. 4x2 — 25 = (2x —5) 2x +5)
49 —4y2 = (7 =2y) (7 +2y) 78. 412 — 952 = (2t — 35) (2t + 3s)
2 —61+9=(r—3)2 80. x2 4 10x 4 25 = (x + 5)?

4x2 +4xy +y2 = (2x —1—y)2 82.72 —6rs + 952 = r— 3s)2

t3+1=(t+1)(t2—t+1)

B3 -27=x3-33 =(x—3)(x2+3x+9)

8x3 —125=(2x)3 =53 = (2x = 5) [(2x)2 +(2x)(5) + 52] =@2x—=5) (4x2 + 10x + 25)
12542733 = 53 + (3y)3 = (54 3y) [52 —5@3y) + (3y)2] —(y+5) (9y2 15y + 25)
x3+2x2+x=x(x2+2x+ 1) = x (x + 1)2

3x3 — 27x = 3x (x2—9) =3x(x —3)(x +3)

b 43 —3x2 =2 (x2+2x—3) =2 —1)(x+3)

305 — 5w — 203 = w3 (3w2—5w—2) —wdBw+1)(w=2)

xtyd —x2y5 = x2y3 (x2 — y2) =23 +y)(x—y)

18y3x2 — 2xy* = 2xy3 (9x — y)

X683 = (x2)3 — @)’ = (xz - 2y) [(x2)2 + (xz) Qy) + (2y)2] = (xz - 2y) (x4 122y 4 4y2)
2743 + b5 = (3a)® + (b2)3 - (3a + b2) [(3@2 ~ (3a) (b2) T (b2)2] - (3a n b2) (9a2 —3ab? + b4)
¥ o3 —dy 12 = (P =32) 4 (A +12) = 0=+ (D -3 = —-3) (2 - 4)

= (y —3) (y —2) (y +2) (factor by grouping)
y3—y2+y—1=y2(y—1)+1(y—1)=(y2+1)(y—1)
303 —x2 — 12x +4=3x3 — 12x —x2 4+ 4 = 3x (x2—4) - ( 2 —4) —@x—1) (x2—4) —Br=1)(x—2)(x +2)
(factor by grouping)

O3 +18x2 —x —2=9x2 (x +2) — (x +2) = (9x2—1) x+2)=0Cx+1)GBx—1)(x+2)

(@+b)?—(a—b)?=1[(a+b)—(a—b)l(a+b)+ (a—b)] = (2b) 2a) = 4ab
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2 2
o (o) (-2 (5]
X X X X X X
1 1 1 1 2 4
(et )b
X X X X X X
101. x2(x2—1)—9(x2—1)=(x2—1) (x2—9)=(x—l)(x+1)(x—3)(x+3)
102. (a2—1)b2—4(a2—1)=(a2—1) (b2—4):(a—l)(a+1)(b—2)(b+2)
103 x— D +22—(x-1)2@x+)=x-DE+2)[(x+2)—x—-D]=3x—-1)(x+2)

104. (x+1)3x—2(x+1)2x2+x3(x+1)=x(x+1)[(x+1)2—2(x+1)x+x2]=x(x+1)[(x+1)—x]2

=x(x+DM2=x@x+1)
105 34 0 +27 450+ =3 6+ 23 [ +y 0 +2)] =y 0+ 23 (P + 2 +1) = »* 6+ 0+ 12

106. n(x =)+ (=D -—x)=nx=y)-—r-DE-y)=x=-—yh-0-Dl=x—y

107. Start by factoring y2 — 7y + 10, and then substitute a® + 1 for y. This gives

(a2+1)2—7(a2+1)+10=[(a2+1)—2][(a2+1)—5]=(a2—1) (a2—4)=(a—l)(a+l)(a—2)(a+2)

108. (a2+2a)2 —2(a?+24) =3 = [(a2+2a) —3] [(a2+2a) + 1] = (?+2a-3) (> +2a+1)

=@-1D(@+3)(a+1)>2
109. 3x2 (4x — 12)2 + x3 (2) (4x — 12) (4) = x2 (4x — 12) [3 (4x — 12) + x (2) (4)] = 4x2 (x — 3) (12x — 36 + 8x)
= 4x2 (x — 3) (20x — 36) = 16x2 (x —3) (5x — 9)
110. 5 (x2 + 4)4 2x) (x —2)* + (x2 + 4)5 @ -23=2 (x2 + 4)4 (x —2)3 [(5) () (x —2) + (x2 + 4) (2)]
=2 (x2 + 4)4 (x—2)3 (5x2 —10x +2x2 + 8) =2 (x2 + 4)4 (x—2)3 (7x2 —10x + 8)
1L 32x — 1)2(2) (x +3)1/2 + 2x = 1)3 (%) (43712 = @x =12 (x +3)"1/2 [6 (x+3)+Qx—1) (%)]
=@ =@+ (v + 1841 - F) = @r = 1 (43712 (10 + F)

12 1 +6)73 2 =32+ +6) 3@ @ =3 @) =+ 673 2x = 3)[(2x —3) + 3) (x +6) (@4)]
=L +6)723Qx —3)[2x =3+ 12x + 721 = 1 (x + 6)72/3 (2x — 3) (14x + 69)

113. (x2 + 3)_1/3 _ %xz (x2 + 3)_4/3 = (x2 + 3)_4/3 [(xz + 3) - %xz] = (x2 + 3)_4/3 (%x2 + 3) = (%;i—:);
X

14, 5x7 2@ + 92 4+ 312G+ 4712 = L 12 B+ )72 [Bx +4) +3x] = 2712 B+ 4) 712 (6x + 4)

=x12@x+4)"V23x +2)
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115. The volume of the shell is the difference between the volumes of the outside cylinder (with radius R) and the inside cylinder
R+r

(with radius 7). Thus V = wR2h — wr2h = 7 (R2 - r2) h=m(R—=r)(R+r)h=2m- “h-(R—r). The

+r R+r

average radius is and 27 -

is the average circumference (length of the rectangular box), / is the height, and

R —r is the thickness of the rectangular box. Thus V = wR2h — 7rlh =27 - Rtr -h-(R —r) =2 - (average radius) -
(height) - (thickness)
k< length >
i i
i ¥ i "“""“""“’“/,*/thickness

116. (a) Mowed portion = field — habitat
(b) Using the difference of squares, we get b2 — b - 2x)2 =[b—-0B-20)]b+ b—x)]=2x12b—2x) =4x (b —x).

117. (a) 5282 — 5272 = (528 — 527) (528 + 527) = 1 (1055) = 1055
(b) 1222 — 120% = (122 — 120) (122 + 120) = 2 (242) = 484
(¢) 10202 — 10102 = (1020 — 1010) (1020 + 1010) = 10 (2030) = 20,300

118. (a) 501 - 499 = (500 + 1) (500 — 1) = 500 — 1 = 250,000 — 1 = 249,999
(b) 79 - 61 = (70 + 9) (70 — 9) = 70% — 9% = 4900 — 81 = 4819
() 2007 - 1993 = (2000 + 7) (2000 — 7) = 2000% — 7% = 4,000,000 — 49 = 3,999,951

119. (a) A% — B4 = (A2 - BZ) (A2 + 32) —(A-B)(A+B) (A2 + Bz)
A® — B® = (A3 — B3) (A3 + B3) (difference of squares)
=(A—-B) (A2 + AB + Bz) (A+ B) (A2 — AB + 32) (difference and sum of cubes)

(b) 124 — 74 = 20,736 — 2,401 = 18,335; 120 — 70 = 2,985,984 — 117,649 = 2,868,335
(€) 18335=12 -7 =(12=-7)(1247) (122 + 72) =5(19) (144 + 49) = 5(19) (193)

2,868,335 = 120 — 70 = (12 = 7) (12 + 7) [122 120+ 72] [122 120+ 72}

= 5(19) (144 + 84 + 49) (144 — 84 + 49) = 5(19) (277) (109)

120. @) A—D(A+1)=A24+A—-A-1=42-1
(A—1)(A2+A+1)=A3+A2+A—A2—A—1=A3—1

(A—l)(A3+A2+A+1)=A4+A3+A2+A—A3—A2—A—1
(b) We conjecture that A> — 1 = (A — 1) (A4 + A3+ A2+ A+ 1). Expanding the right-hand side, we have
(A—l)(A4+A3+A2+A+1)=A5+A4+A3+A2+A—A4—A3—AZ—A—1=A5—1,verifyingour

conjecture. Generally, A" — 1 = (A — 1) (A”_1 + A2 4 A+ 1) for any positive integer n.
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121. (a) A+ 1 A2 + A +1 A3+ A2+ A+
X A—-1 X A—-1 X A—1
—A -1 AT - A -1 A3 — A2 - A -1
AZ + A A3+ A2+ A A+ A3+ A2 44
A? -1 A3 -1 A? -1

(b) Based on the pattern in part (a), we suspect that A —1=(A- 1) (A4 + A3+ A24 A+ 1). Check:
AV 4+ A+ A2+ A+
X A -1
—AY — A3 - A2 - A -1
AS + A* + A3+ A2 + A
A3 -1

The general patternis A" —1 = (A — 1) (A"_l + A2 4 AP A 1), where n is a positive integer.

P.7  RATIONAL EXPRESSIONS

27

1. (a)

3x
2

Vx+1
2x +3
numerator of the expression is 4/x + 1, which is not a polynomial.
x(x? = n 3 —x

x+3  x+43

1 is a rational expression.

is not a rational expression. A rational expression must be a polynomial divided by a polynomial, and the

(b)

(c)

is a rational expression.

. To simplify a rational expression we cancel factors that are common to the numerator and denominator. So, the expression

x+Dx+2) . . x+1
————— simplifies to .
(x+3)(x+2) x+3

. To multiply two rational expressions we multiply their numerators together and multiply their denominators together. So

2 X . 2-x 2x
is the same as

X+1 x+3 G+D)-(x+3) 24dx+3
1 2

. (@) — — — ol has three terms.
x x4+ x+1D?

(b) The least common denominator of all the terms is x (x + 1)2.

(c)l— 2 x :(x+1)2_2x(x—|—1)_ x (x) :(x+1)2—2x(x+1)—x2
X+ @D x4 G+D k12 X (x+ 12
_x2+2x+1—2x2—2x—x2_—2x2+1
x (x +1)2 _x(x+1)2
x(x+1)  x

. (a) Yes. Cancelling x + 1, we have = .
£ (x+D% x+1
() No; (x +5)2 = x2 + 10x +25 # x2 + 25,50 x + 5 = V/x2 + 10x + 25 # /x2 + 25.
34a 3 a a
. Yes, =-+=-=14+=.
@Yes. == =3+3=1+3
(b) No. We cannot “separate” the denominator in this way; only the numerator, as in part (a). (See also Exercise 101.)

7. The domain of 4x2 — 10x + 3 is all real numbers. 8. The domain of —x# + x3 + 9x is all real numbers.
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11.

13.
14.

15.

17.

19.

21.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.
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2x >0andx +1#0< x > 0and x # —1, so the domain is {x | x > 0}.

. Since x — 3 # 0 we have x # 3. Domain: {x | x # 3} 10. Since 3¢ + 6 £ 0 we have t # —2. Domain: {r | t # —2}
Since x +3 > 0, x > —3. Domain; {x | x > —3} 12. Since x — 1 > 0, x > 1. Domain; {x | x > 1}
xz—x—2=(x+1)(x—2)7£0(:>x7é—10r2,sothedomainis{x|x7é—1,2}.

S@=3)@x+1)  Sa=3)Qx+1)  2x+1 p 4(x2—1) A+ x+1
10x—-32  5x=3)-2(x=3) 2(x=3) "RE+2)E-=1) 12x+2)E-1 3(x+2)
x=2 _ x=2 _ 1 18x2—x—2:(x—2)(x+1):x—2
24 (x=2)(x+2) x+2 X2 x=D@x+1) x-1
X24+5x4+6  (x+D(x+3)  x+42 20 X2—x—12 (x-4(x+3) x—4
X24+8x+15 (x+5E+3) x+5 "x245x4+6 (x+2)(x+3)  x+2
V+y  yG+D) oy y¥2-3y—18 (y—-6)(+3)  y—6
-1 (-DOe+D  y-1 29247y 43 Qv+ DG +3) 2y+1
2x3 —x2 —6x x(2x2—x—6) xQ2x+3)(x—=2) xQx+3)
22 —Tx+6 (2x-3)(x—-2) (2x-3)(x—-2)  2x-3
1-x2  (1-x)0+x)  —@-DA+x)  —@x+])
x3—l_(x—1)(x2+x+1)_(x—l)(x2+x+1)_x2+x+1
4x x+2 4x x+2 1
2—4 16x  (-2)x+2) 16x 4(x-2)
x2—=25 x4+4 (x=5@G+5 x+4 x-5
216 x+5 (G-HE+4 x+5 x—4
x2+2x—15 x=5 (x+5x=3)(x=5 x-3
x2—25 x+42 (x+5Ex—-5x+2) x+2
x242x—=3 3—x x+3)x-1) —-(x=-3) —-@x-1) —x+1 1—x
2—2x—3 3+x G-3)G+D)  x+3  x+1 x4+l  1+=x
t=3 t+3 t—-3)(t+3) 1
249 2-9 (2+9)(¢-3)(+3) 2+9
x2—x—6 x34x2 (=3 x+2) xZ(x+1) _
x2 4+ 2x x2-2x -3 x(x+2) '(x—3)(x—|—l)_x
24 Tx+12 2 +5x4+6  x4+3)(+4) G+ +3)  x+4
243x 42 2246649 @+DH@x+2) @43 +3)  x+1
X2+ 2xy+y? 2x2—xy—y2_(x+y)(x+y) x=»C2x+y) 2x+y
2y 2—ay-2y2 —nG+y) G-20)@+y)  x—2y
x+3 x24T +12 x43 2247x—15 x+3 (x+50Qx—3) x+5
4229 224 7x—15 4x2—9 x247x+12 (x—-3)2x+3) (+3)(x+4) (x+3)(x+4)
24+1 62 —x—-2  2x+1 x+3 B 1
22 4x—15  x+43  (x+3)2x=5 2x+D)Br—2) (2x-503@x-2)
x3
x;ci_l _ x3 vx2—|—2x+1=x3(x+1)(x+1)=x2(x+1)
x+1 X x+1Dx
x2 4+ 2x +1
202 —3x -2
T 21 wr=3x-2 x224x-2 (-2 +1) (-D@E+2)  x-2
22 45c+2 x2-1  22+5x42 (-D@x+1) x+2)Q@x+1) x+1
x24x=2

College Algebra 7th edition Stewart Solutions Manual


https://ravanbooks.com/books/9781305115545-solutions

37.

38.

39.

40.

41.

42.

43.

4.

45.

46.

47.

48.

49.

50.

51.

52,

53.

54.

5S.

56.
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x/y x 1 x
vy @ oz
X LYy Xz Xz
ye TTIT1Y Ty
L4 1 :x—|—3 1 :x+4
x+3 x4+3 x+4+3 x+3
3x =2 O 3x-2 2(x+1) 3x—-2-2x-2 «x-—-4
x+1 a T ox+1 - x+1 x+1 T x+1
1 2 x—3 2(x+5  x—=3+4+2x+10 3x+7
x+5+x—3_(x~|-5)(x—3) G+ E=3 @+5E-=-3) x+5x-3)
1 1 _ x—1 x+1 _x—l+x+l _ 2x
x+1+x—1_(x+1)(x—1)+(x+1)(x—1)_(x+1)(x—l)_(x+1)(x—1)
3 1 3(x+2) x+1 _3x+6—x—-1 2x+5
x+1 x+2 G+D@E+2) G+D@E+2) @G+DE+2) @+ +2)
x 3. x(x+6) —3(x—4)  x?4+6x—3x+12  x243x+12
x—4 x46 (x—-4)@x+6) (x-4HE+6) (x—4)x+6  (x—4)(x+6)
5 3. 52x-3) 3 1x—15-3  10x—18 2(5x—9)
=3 (x-3% @x-37 @-32 (x-3% (@x-37 (x-3)?
X 2 X 2x+1) x4+ 2x+2 3x 42

+ = = =
G+D? x+1 @+D? +DE+HD G+ D @+ 1?2
u W+ D@+1) u W+ 2u+1+u  u+3u+1

29

quleu+1 u+1 u+1" u+1 T ou+1
2 3 4 2% 3ab | 4a®>  2b*—3ab+4a®
a_z_E+ﬁ_a2b2_a2b2+a2b2_ ab?
1 1 1 1 x+1 X 2x +1
2T =2t ) T2 )
X xX*+x x x(x+1) x2(x+1) x2(x+1) x2(x+1)
11 1 X2 x 1 x24x+1
stetasaEtataT T o
2 1 2 1 o 2x+9 -1
x+3_x2+7x+12_x+3_(x+3)(x+4)_(x+3)(x+4) x+3)(x+4
o 2x+8-1 2x +7
T a4+ x+)E+D
X 1 X 1 X x+2
3 t— = t—F = +
x2—-4 x-2 (x-2)x+2) x-2 (x-2)x+2) *x—-2)(x+2)
B 2x+2 o 2(x+1D
TG-)G+2) -2 +2)
1 1 1 _ x—3 1 _ x—=2
x+3+x2—9_x+3+(x—3)(x+3)_(x—3)(x+3)+(x—3)(x+3)_(x—3)(x+3)
X 2 _ X -2
X24+x=2 x2—5x+4_(x—l)(x~|—2)+(x—l)(x—4)
B x(x—4) —2(x+2) Xl —dx—2x—4 x2—6x—4
=D+ =) -DE+) =4 =D E+)x -4 =D E+2)(x—4)
2 3 4 2 3 4 _2(x-1) 3x -4  2x—=243x-4 5x-6
x x—1 x2—x x x—l_x(x—l)_x(x—l) x(x—1)+x(x—1)_ x(x—=1) Tx(x—=1
X 1 2 by -1 -2
2 - TY—3 (x— + +oz
x2—x—-6 x+2 x-3 x-3)(x+2) x+4+2 x-3

X —1(x—=3) -2(x+2) x—x+3-2x—4 —2x—1

TG0 +2)  G-3)x+2)  x-3)G+2)  x-3Gx+2  x-3(x+2
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58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
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1 1 1 1
24342 2—2x—3 @+ +D (x-3)G+1)
. x—3 —(x+2) _ x—3—-x-2 _ -5
T =3+ +1D) =3 E+)E+1) F=-3HE+DE+1) xE=-3HE+2E+1)
1 2 3 1 -2 3
x+1_(x+1)2+x2—1=x+l+(x+1)2+(x—1)(x+1)
(4D -1 —2@x-1) 3(x+1)
T a-DE+D2 =D E+D2 =1 +1)2
x2—1 —2x+2 3x+3 x2—1=2x4+2+3x+3 x24x+4
= + + = =
C=DE+D? x-DE+D? x-1D+1)? (x =1 (x+1)? (x =1 (x+ 12
1+1 x1+%) x+1

1
)1+ —
I+ _(x+ )( +x+2) 42941 x 43
- 1 T+ -1 x+1
) (1-—
(x+)( x+2)

c—1 c—1+1 ¢

L Temi=1 =2
c—1
1 1 1 1
I -HDx+3)|—+—
—itigs 0@ (2 x+3)_ G+ +@-1)  _ 2a+D
x+1 x-DE+3)x+1) x-DE+DHE+3) E-DHDEx+1DHx+3)
2
T x=D@x+3)
x—=3 x42 ’ )
=4 a4l _G=a+D-G+)E-d ¥ ~2-3-(x —2x—8): 5
x+3 E=—HE+3)E+1 E—HE+3)E+1 x=4dHE+3)x+1
> ()
x—=  xylx—-—
y _PUTY) _av-a? 20—
y—z xy(y—X) 2=yt 2 =1
X X
Y Y 2
x+x_xy(x+x) _x2y+y2_y(y+x)
X = - 2 2 2
T () e )
Y y
X oy x2—y?
== 22 2.2
Y X 2xy 7 = oy ;y 7 = AN —xy. An alternative method is to multiply the
L_L ye—=x Xy ye—Xx -1
x2 y? x2y2
numerator and denominator by the common denominator of both the numerator and denominator, in this case x2 y2:
Xy X oy
R — -z 2 _ .2
y o ox (y X) vx2y2=x3y—xy3="y(x y)z_xy
L_i i_i x2y2 y2_x2 y2_x2 :
22 232
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2., .2
P T S S xy2 =x(x +y)_ xy? =x3+xy2_xy2= 3
Ty XYy 2+ 52 X2+ 52 ) 2+ 52 P
y X y X
1 1 y2 x2
xT2—yT2 22 202 202 2 xy (y=x)(y+x)xy  y-—x
69. — 1="1 1 = > X T 22 = 2,2 =
X~ 4y S 42 = 4 X<y y+x x*y= (y +x) Xy
x oy xy xy
1 1

70.

71.

72.

73.

74

75

76

78.

R
Altemative]y,x Yo _\xr yr) xyt oyt mxt =0 OFy) Yy X

x4yl LoLY a2 o2+aly - o0+n o
Xy
1+1 l+l
Ayt Ty x Ty waty) v+ +rE+y)
@+ 1 LGty xy
xX+y x+y
_xy+y2+xz+xy_)62+2xy+yz_(x+y)2
a xy a xy -y
1 — 1 - X :x—l—x: 1
l—l x—=1 x—=1 1 —x
X
1 14+x x+1 x+2+4+x+1 2x+3
1+ =1+ =1+ = =
- 1 (I+x)+1 x+2 x+2 x+2
14+x
1 1
l+x+h 1+x _(A+0)—0+x+h) 1
h h(l+x)y(14+x+h) A+x)I+x+h)
. In calculus it is necessary to eliminate the / in the denominator, and we do this by rationalizing the numerator:
1 1
4/x+h_ﬁ_\/_—«/x+h.ﬁ+«/x+h_ x—(x+h) _ 1
h hXVx+h  Jx+Vx+h  hJxvx+h(Jx+x+h) VIVX R (JX +/x+h)
! ! 2 2 2
(x+h)2 x2_x2_(x+h)2_x —(x +2xh+h)__ 2x +h
) h hx? (x + )2 hx? (x + h)? x2 (x 4 h)?
3 3
(x +h) —7(x+h)—(x —7x) 33243k B~ Tx —Th = x>+ 7x  3x%h 4 3xh2 + k3 —Th
) h B h B h
h (342 4 3xh + 12 = 7)
= - =3x% 4+ 3xh+h> -7
2 x2 1

1
+ = =
2 1—x2 1-x2 /142

2 3
P (R :\/1+x6—2i+L:\/1+x6—l+L:\/x6+l+ !
4x3 4x3 " 16x6 27 16x0 27 16x0
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84.

85.

86.
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88.

89.

90.

91.

92.

93.
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36 4+22(x =32 -x+23Q) (x-3) _ x+22x=3)[Bx—-3)—(x+2) Q)]

(x —3)* (x —3)*
L0 +2)2GBx—9-2x—4)  (x+2)?*(x—13)
a (x —3)3 o @-3)

2x(x+6)4—x2(4)(x+6)3_(x+6)3[2x(x+6)_4x2]_2x2+12x—4x2_12x—2x2_2x(6—x)

(x +6)8 B (x +6)8 x4+ 6° 465 (x+6)
2(14x)12 —x (1 +x)~1/2 (1+x)-1/2[2(1+x)—x] x+2

1+x 1+x (1+x)3/2
(1 —xz)l/z—{—x2 (l—xz)_l/2 B (1 —xz)_l/2 (1—x2+x ) B 1

1—x2 N 1 —x2 B (l—x2)3/2
30403 —x(14x)723 _ (4 2331 +x)—x]  2x+3

(1+x)23 (14 x)%/3 (1 +x)43
T=30)12 4 3x(7-30)712  (1-30)7172 (7 —-3x+ zx) 7-3x

7—3x - 7—3x T 7=3032
1 1 5+43 543 5+43
S—V3 5-3 5443 25-3 22
3 (2+f) _6+3V5

= = =—6-35
2=V (245 (2-5) 40
2 2 V2 - f (\/E—ﬁ) Z(ﬁ—ﬁ) Z(ﬁ—ﬁ)
2+ VEANT V-1 -1 T = T 5
11 Ji-1  Jx—1

JiHl x4l -1 x—1
y V3- (*/__ﬁ)_yﬁ—yﬁ

f+f SB+yy SB- 0 3-y 0 3-y

200—y) _ 200 —y) VA4 260 (EHV) L s o
NN i e L S
1—\/§=1—\/§.1+\/§= 1-5 —4

3 3 1+45 3(1+¢§) 3(1+ﬁ)

V3+V5 _ VB3+V5 BA-V5 0 3-5 0 -2 -l

2 2 BV 2(V3-v5) 2(vE-V5) VB3-S
IHN2 PNV r-V2 o r-2

3 SOV-VIos(r-v)

VE=Vxth = Jx+h Jx+Vxth x — (x4 h)

hiJx+h  hyxvx+h ];ﬁ+\/x+h - hﬁ\/x+hl(ﬁ+«/x+h)

NN A NN = RN ey o Sy )

2 _ 2 2 .2
/—x2+ _x:\/x +1 x.\/x +1+x:x +1—x _ 1
1 VX2 14x V24 14x V24144

College Algebra 7th edition Stewart Solutions Manual


https://ravanbooks.com/books/9781305115545-solutions

Vi+l—x Jx+14x

x+1—x 1

96.\/X+1—ﬁ= . — —
1 i+ T+x 0 e+ T4+ x4+ 0x
1 1 R R R R
97. (a) R = = 12 1
L+L L L RiRy, Ry+ R
Ry Ry R R

(b) Substituting Ry = 10 ohms and Ry = 20 ohms gives R =

(10)(20) 200

SECTIONP7  Rational Expressions

— = 6.7 ohms.

(20) + (10) ~— 30

Cost 500 + 6x + 0.01x2
X Th A= = .
98. (a) The average cost number of shirts X
(b)
X 10 20 50 100 200 500 1000
Average cost | $56.10 | $31.20 | $16.50 | $12.00 | $10.50 | $12.00 | $16.50
99,
X 2.80 1 290 | 2951299 [ 2999 | 3 | 3.001 | 3.01 | 3.05 | 3.10 | 3.20
2 _
al 39 580 | 590 | 595 ] 599 [ 5999 | ? | 6.001 | 6.01 | 6.05 | 6.10 | 6.20
X —
x2 -

From the table, we see that the expression
X

2-9 (x=-3)(x+3)
x—3
table.

x—=3

2 2
100. No, squaring — changes its value by a factor of —.
x

VX Vx

101. Answers will vary.

Algebraic Error Counterexample
1 " 1 ” 1 1 n 1 ” 1
a b’ a+b 2 27 242
(a+b)?2#a2+b% | 1+3)2£124+32
Va2 +b2#a+b | V2 +122£5+12
b 246
a—+ £b L £6
a 2
a 1 1
—- — #1
a+b 7 b 1+1 a
a o on 3P sn
5 5
102. (a) -;—a = 3 + % =1+ %, so the statement is true.
1 S5+1
(b) This statement is false. For example, take x = 5 and y = 2. Then LHS = X = L =
y+1 2+1
x 5 5
RHS=—-=—,and2 # —.
y T ad27 s
(¢) This statement is false. For example, take x = O and y = 1. Then LHS = LI
x+y 041

1 1 1 1
RHS= —— = —— = —,and 0 # —.
I+y 1+1 2 2
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3 approaches 6 as x approaches 3. We simplify the expression:

6
= 2, while
3

= 0, while

33

= x + 3, x # 3. Clearly as x approaches 3, x + 3 approaches 6. This explains the result in the
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34 CHAPTERP  Prerequisites

1
(d) This statement is false. For example, take x = 1 and y = 1. Then LHS = 2 (%) =2 (T) = 2, while

RHS = 24 = 2 _ | and2 £ 1
w2 0™ '
— 1 1
(e) This statement is true: Ta =(—a) (5) = (-1 (a) (E) =(-1 (%) = —%.
2 2

— ! hil
= = = —, while
3

This stat t is false. F le, tak = 2. Then LHS = —
(€3] is statement is false. For example, take x en g 112 G

+2 3 d1;£3
—=—,and - # —.
2 2 3°2

RHS—1+2—1
T2 x 2
103. (a)

99 999 9999
100 1000 10,000

2.0001 | 2.000001 | 2.00000001

X 1 3

Sle

1

2
1

x+— | 23333 |25 2.
X

(=}
—_
—_

1
It appears that the smallest possible value of x 4+ —is 2.
X

1 1
(b) Because x > 0, we can multiply both sides by x and preserve the inequality: x + — > 2 & x (x + —) >2x &
X X

ZHl>2ol-2x+1>0 (x — 1)2 > 0. The last statement is true for all x > 0, and because each step is

1
reversible, we have shown that x + — > 2 for all x > 0.
X

P8  SOLVING BASIC EQUATIONS

1. Substituting x = 3 in the equation 4x — 2 = 10 makes the equation true, so the number 3 is a solution of the equation.

2. Subtracting 4 from both sides of the given equation, 3x + 4 = 10, we obtain 3x + 4 — 4 = 10 — 4 & 3x = 6. Multiplying
by %, we have % (Bx) = % (6) © x = 2, so the solution is x = 2.

3. (a) % + 2x = 10 is equivalent to %x — 10 = 0, so it is a linear equation.

2 2
(b) — —2x = 1is not linear because it contains the term —, a multiple of the reciprocal of the variable.
X X

() x+7=5-3x<4x —2 =0, soitis linear.
4. @ x(x+)=6< x2 4 x = 6 is not linear because it contains the square of the variable.
(b) v/x + 2 = x is not linear because it contains the square root of x + 2.
(¢) 3x2 —2x — 1 = 01is not linear because it contains a multiple of the square of the variable.
5. (a) Thisis true: Ifa = b, thena +x = b + x.
(b) This is false, because the number could be zero. However, it is true that multiplying each side of an equation by a
nonzero number always gives an equivalent equation.
(c) This is false. For example, —5 = 5 is false, but (—5)2 =52 is true.
6. To solve the equation x3 = 125 we take the cube root of each side. So the solution is x = +/125 = 5.
7. (@) Whenx = -2, LHS =4(-2)+7=—-8+7=—1and RHS =9 (-2) — 3 = —18 — 3 = —21. Since LHS # RHS,

x = —2is not a solution.
(b) Whenx =2, LHS =4(-2)4+7=8+7=15andRHS=9(2) —3 =18 -3 =15. Since LHS =RHS, x =2isa
solution.

8. (@) Whenx =—-1,LHS=2—-5(—-1)=2+45="7and RHS = 8 4+ (—1) = 7. Since LHS = RHS, x = —1 is a solution.
(b) Whenx =1,LHS=2-5(1) =2 —-5= -3 and RHS = 8 4 (1) = 9. Since LHS # RHS, x = 1 is not a solution.
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10.

11.

12.

13.

14.

15.

17.

19.

21.

23.

25.
27.
28.

29.
30.

31.
32.

33.

34.

SECTION P8  Solving Basic Equations 35

. (@) Whenx =2,LHS=1—-[2—-(3—(2)]=1—-[2—1]=1—1=0and RHS =4 (2) — (6 + (2)) = 8 — 8 = 0. Since

LHS = RHS, x = 2 is a solution.
(b) Whenx =4LHS=1-2-Q3-@4)]=1-2—-(-1)]=1-3=—-2andRHS=4(4)—(6+ (4)) =16—10 =6.
Since LHS # RHS, x = 4 is not a solution.
1 1

(a) Whenx =2,LHS = % Y = - :%+% = 1 and RHS = 1. Since LHS = RHS, x = 2 is a solution.

Bf—

1
(b) When x = 4 the expression 1

7 is not defined, so x = 4 is not a solution.

(@) Whenx = —1,LHS =2(—1)1/3 -3 =2(—1) =3 = -2 —3 = —5. Since LHS # 1, x = —1 is not a solution.
(b) Whenx =8LHS =2(8)!/3 -3 =2(2) —3=4—3 =1 =RHS. So x = 8is a solution.
432 23 g

(a) Whenx =4,LHS = s = =) = = = —4 and RHS = (4) — 8 = —4. Since LHS = RHS, x = 4 is a solution.

g3/2 (23)3/2 29/2

(b)Whenx:S,LHS:ﬁ:T:T:27/2andRHS:(8)—8:O.SinceLHS;éRHS,x:8isnota
solution.
(@) Wh O.LHS = 2=% _ =% _ % _pps.s 0is a soluti
nx =0, = = —_—= = = . = VU IS 10N.
en x 0—b s b 0o X S a solutio
b—a —a . . .
(b) When x = b, LHS = P = is not defined, so x = b is not a solution.
b h\?2 b b2 b2 B2 b
(@ Whenx =, LHS = (=) —b(5 )+ 36> =—— =+ — =0=RHS. Sox =  is a solution.
2 2 2 4 274 2
(b) Wh L Lus 1)’ e + 1p2 ! 1+b2 L 46 not a solut
en = -, == - - = = - - —, SO = — 1S not a solution.

T b b) A T2 40Ty
S5x—6=l4o5x=20cx=4 16.3x +4=T3x=3x=1
T—2x=152x=-8cx=—4 18.4x —95 = 1 @ 4dx = 96 < x =24
Ih+7=3elr=-14cx=-8 20.2+x=-dolr=-6ox=-18
3x—-3=5x-30=8xc=x=0 22.2x+3:5—2x<:>4x:2<:>x:%
Tr+l=4-2x o =3cr=1 Ul-x=x+4e-3=20xox=-3

26.2x4+3=T-reSx=4cx=1

W

—x+3=dx3=5xx=

—l=3x+T7ex-3=x+2led=-24cx=-6

W=

Ix—l=3Fx+3e4—10=3x +30 = x =40
2(l—x)=304+2x)+52-2x=34+6x+52-2x =846 —-6=8xx=—
504+3)+49="22(x—-2)—1lo5x+1549=-2x4+4-1o5x+24d=-2x+3Tx=-2lx=-3

N [O8)

4(y—%)—y=6(5—y)<:>4y—2—y=30—6y<:>3y—2=30—6y<:>9y=32<:>y=%

r=2[1-3Q2r+4]=61lor-2(1-6r—-12)=61lr-2(-6r—-11)=601=r+12r+22=6113r =39
r=3

x—1x— Lty —5=0 6x — 2x — 3x — 30 = 0 (multiply both sides by 6) & x = 30

1
§y+§(y—3):%<:>8y+6(y—3):3(y+1)<:>8y+6y—18:3y+3<:>14y—18:3y+3<:>11y:21
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36

35.

36.

37.
38.
39.
40.

41.

42.

43.

4.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

5S.
56.
57.

CHAPTERP  Prerequisites

x x+1 1
2x—5—|— 1 =bro8x—Utx+l=2keIxrt+l=2kel=1Txex=1

5 1 1
3x—7x=x;r —ceBr— IS =20+ ) - ler=20+lox=1
(x—l)(x+2)=(x—2)(x—3)<:>x2+x—2=x2—5x+6<:>x—2=—5x+6<:>6x=8<:>x=%

x(x+1)=(x+3)2<:>x2+x=x2+6x+9<:>x=6x+9<:>—5x=9<:>x=—%

'S

G-DM@x+5)= -3 o’ +r-5=4’-12x+9x-5=-12x+9 r=14ex=1

W)

(-4 =(+42+32=2 -8 +16=12+8+16+32 = —161 =321 = -2
1

4
e + 1 = 3 =4 + 3x (multiply both sides by the LCD, 3x) & —1 =3x & x = —%
X X
2 6 4
—=5=-+4+4=22-5x=0+dx o -4=r S —5=x
X x
2x—1 4 13
=252 -D=4(x+)elx-S=h+8cb=Bcx="7¢
x+2 5
2x—=T7 5 . 29
=5=2x—7)3=2Q2x+4) (crossmultiply) & 6x -2l =dx +8=2x = ox =5
2x +4  °
2 3
t_l_—ﬁ:t—l:2([—1):3(t+6)[multiplybothsidesbytheLCD,(t—1)(t+6)]<:>2t—2:3t+18<:>—20:t
6 5
=—>26x+4)=5x-3)=b6x+24=5x—-15=x=-39
x—3 x+4
3 1
—%: = 3(6) — (3x + 3) = 2 [multiply both sidesby 6 (x + 1) ] © 18 =3x -3 =2 -3x+15=2
x+1 3x 43
x=-Box=4
13 =2——-—=(12x—-5x = 2x(6x+3) —5(6x+3) & 12x* —5x = 12x“ 4+ 6x —30x — 15 &
X x

1202 =5y =122 —24x — 15 19 =—-15ex=—F
1 1 1 10 . .

- ———=—=——=10+1)—=5@z+1)—2(z+1) = 10(10z) [multiply both sides by 10z (z 4+ 1)] <
z 2z 5z z+1

3(z+1) =100z 3:+3=100z 23 =97z g =z

| 4 15
+ + =0=0CB+0)+4C@3—-0+15=03+1t+12-4t+15=0 -3t+30=0& -3t = =30
3—1t 341 9-—¢2
st=10
1
> al 4—2: > = x —2(2x —4) =2 [multiply both sidesby 2 (x —2)] @x —4x+8 =2 -3x=—-6Sx=2.
X — X —

But substituting x = 2 into the original equation does not work, since we cannot divide by 0. Thus there is no solution.

1 5 2
= —-3)+5=2 3) & 2=2 6x=—4
x+3+x2—9 x—3:>x )+ Fr+3)ex+ r *

3 I 6x+12

=-+
x+4  x  x24+4x

& x = —4. But substituting x = —4 into the original equation does not work, since we cannot divide by 0. Thus, there is

no solution.

1 2

X 2+l 22+x
all real numbers except 0 and —%.
?=25ex =45

32 =48’ =16 x=+4
52=15ex=3x==+/3
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= 3 (x) = (x +4) + 6x + 12 (multiply both sides by x (x +4)] < 3x = 7x + 16 & —4x = 16

= 2x+1)—2(x) =1 1 = 1. This is an identity for x # 0 and x # —%, so the solutions are
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58.
59.

60.

61.
62.

63.

64.

65.
66.

67.

68.

69.
70.

71.

72.
73.

74.
75.

76.

717.

78.

79.

80.

81.

82.

83.
84.

85.

86.

SECTION P8  Solving Basic Equations 37

x2 = 1000 < x = £+/1000 = £10+/10
8x2—64=0x2-8=0x=8cx =28 =222
5x2—125=0<:>5(x2—25) —0ex2=25ox =45

x% 4+ 16 = 0 & x? = —16 which has no real solution.
6x% + 100 = 0 & 6x% = —100 & x% = —32, which has no real solution.

(x=3)2=50x-3=+/5x=3+£+5

4+.7

BGr—4?=To3kx—4=+/Te3x=4+/Tx= 3

B =2ex=27"3=3

PRN=0or=-RNox=-3215=2

0=x*—16= (x2+4) (x2—4) - (x2+4) (x —2) (x + 2) x2 + 4 = 0 has no real solution. If x — 2 = 0, then x = 2.
If x +2 =0, then x = —2. The solutions are +2.

27 27\ 1/6 271/6 N
6 — 6 — —_— = —_— = _— = —_—
64x° =27 0 = = = x ﬂ:(64) i641/6 £

x* + 64 = 0 & x* = —64 which has no real solution.
x=1D3+8=0ox-1)P==uBox—-1=(-8=—2cox=-1.

x+2*—81 =0 (x+2)* :81<:>[(x+2)4]1/4 — 4814 o x 42 =43 Sox+2 =3, thenx = 1. If
x + 2 = =3, then x = —5. The solutions are —5 and 1.

(x+ 1)4+ 16=0s (x + 1)4 = —16, which has no real solution.

3 =33 =3B x-30 =1285cx=-3)=12513=5cx=3+5=38

4+ =1oa+2 =toxr2=Jlor=04+ 1

=5ex=5=125

3 3 1/4
B _16=0x=16=2 (x4/3) - (24) =22 ot =22 oy :i(212) T S
1/5
2P +64=020 =643 =N o x=(-32)35= (—25) P (=23 =-8
3/2 3/2
6x2/3 Z216 = 0 @ 6x2/3 = 216 = x2/3 = 36 = (+6)% & (x2/3) 2 [(iﬁ)z] & x = (46)3 = 4216

9.44
302x +148=1092=3.02x =944 = x = I ~3.13

836 —-095x =997 < —095x =161 ©x = i;S ~ —1.69

5.82
215x —4.63=x+119=1.15x =582 = x = 119 ~ 5.06
1.95
395—x=232x4+200195=332x & x = 0 ~ 0.59

44.97
3.16(x +4.63) =4.19(x —7.24) ©3.16x + 1463 =4.19x — 3034 4497 =1.03x & x = Tos ~ 43.66

2.14(x —4.06) =2.27 - 0.11x & 2.14x — 8.6684 = 2.27 — 0.11x & 2.25x = 10.9584 & x = 4.8704 ~ 4.87
0.26x — 1.94

——— =176 = 0.26x — 1.94 = 1.76 (3.03 — 2.44x) & 0.26x — 1.94 = 533 —429x & 4.55x =727
3.03 — 2.44x

727 o
YT ass
L.73x 1.51 1.73 1.51(2.12 1.73 3.20+ 1.51 0.22 3.20 3‘20"’1455
Thrx - < 1.73x =1.512.124+x) © 1.73x =3.204+ 1.51x < 0.22x = 3. <:>x—0.22~ .
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12 12 d
8. r=— o M=— 88.wd = rTH & T = 2%
M r rH
PV M Fr?
89. PV = nRT & R = — 90.F =Gl om=——
nT r2 GM
P -2l
91. P:Zl+2w<:>2w:P—2[<:>w:T
1 1 1
92, rinb + — < R{Ry = RRy + RR (multiply both sides by the LCD, RR|Ry). Thus R{R, — RR{ = RRy, &
1 R
Ry (Ry— R) = RRy & R| = — 12
1 (Ry =RR; =Rk

93.

3v 3V
V=lmlherr=—sr=+/—
37['}" r h r =h

mM 2 mM mM
4. F=G——=or =G—=r==4,/G—
r2 F F
3V 3V
9%5. V=irlort="uor=7]—
37" d 47 : 47

96.

97.

98.

99.

100.

101.

102.

103.

104.
105.

106.

A+l =Cebrr==2-a?=b=4/c2-a

. 2 . 2 . .
A A A
A=Pl1+~) ol=(1+L) 21+ =+ /2L = / <:>z_—100i100/
100 P 100 100 P 7100

a2x+(a—1)=(a+1)x<:>a2x—(a+l)x=—(a—1)<:>(a2—(a+1))x=—a+1<:>(a2—a—1)x=—a+1

—a+1
C}XIZ—
ac—a—1
b 2d—b
Bt e ax+b=2(cx+d) > ax+b=2cx+2d < ax—2cx =2d—b <> (a —2¢)x = 2d —b < x =
cx +d a—2c
1 1 b1
";’ :"b 42 i@t ) maa—D bt e ta=a?—a+b+be2a=b2+bo
a
_ 1 2
_j(b +b)

0.032(250) =25 8-25

(a) The shrinkage factor when w = 250 is S = = 0.00055. So the beam shrinks

10,000 ~ 10,000
0.00055 x 12.025 ~ 0.007 m, so when it dries it will be 12.025 — 0.007 = 12.018 m long.
I 0.032w — 2.5
(b) Substituting S = 0.00050 we get 0.00050 = 10000 =5=00320w-25<75=0032w <
7.5
w = 0032 = 234.375. So the water content should be 234.375 kg/m
o 3150

Substituting C = 3600 we get 3600 = 450 + 3.75x & 3150 =3.75x & x = 375 = 840. So the toy manufacturer can

manufacture 840 toy trucks.

(a) Solving for v when P = 10,000 we get 10,000 = 15.603 < 03 ~ 641.02 < v ~ 8.6 km/h.

(b) Solving for » when P = 50,000 we get 50,000 = 15.603 < 03 ~ 3205.13 © v ~ 14.7 km/h.

Substituting F = 300 we get 300 = 0.3x3/4 < 1000 = 103 = x3/% & x1/4 = 10 & x = 10* = 10,000 Ib.

@30)+k—-5=k(0)—k+1lok-5=-k+12k=6=k=3

D3V +k-5=k()—k+13+k-5=k—k+1ok-2=1k=3

© 3Q+k—-5=kQ2Q)—k+16+k—-5=2k—k+1=k+1=k+ 1. x =2is asolution for every value of k.
That is, x = 2 is a solution to every member of this family of equations.

When we multiplied by x, we introduced x = 0 as a solution. When we divided by x — 1, we are really dividing by 0, since
xr=1ex—-1=0.
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P9  MODELING WITH EQUATIONS

10.

11.

12.

13.
14.
15.

16.

17.

18.
19.

20.

. (a) A square of side x has area A = x~.

d
. SolVingd:rtforr,weﬁnd? == =>r= 7.Solvingd=rtfort,weﬁnd— =—=t=—.
r r

. An equation modeling a real-world situation can be used to help us understand a real-world problem using mathematical

methods. We translate real-world ideas into the language of algebra to construct our model, and translate our mathematical
results back into real-world ideas in order to interpret our findings.

. In the formula / = Prt for simple interest, P stands for principal, r for interest rate, and t for time (in years).

2

(b) A rectangle of length / and width w has area A = [w.

(¢) A circle of radius r has area A = 7r2.

. Balsamic vinegar contains 5% acetic acid, so a 32 ounce bottle of balsamic vinegar contains 32-5% = 32- % = 1.6 ounces

of acetic acid.
1 wall 1

. A painter paints a wall in x hours, so the fraction of the wall she paints in one hour is = —.

x hours x
rt d d rt d

r

. If n is the first integer, then n + 1 is the middle integer, and n + 2 is the third integer. So the sum of the three consecutive

integersisn + (n+ 1)+ (n +2) = 3n + 3.

. If n is the middle integer, then n — 1 is the first integer, and n + 1 is the third integer. So the sum of the three consecutive

integersis (n — 1) +n+ (n + 1) = 3n.

. If n is the first even integer, then n + 2 is the second even integer and n + 4 is the third. So the sum of three consecutive

even integersisn + (n +2) + (n+4) =3n + 6.

If n is the first integer, then the next integer is n + 1. The sum of their squares is
n2+(n+1)2=n2+(n2+2n+1) =222+ 2n+1.

If s is the third test score, then since the other test scores are 78 and 82, the average of the three test scores is
78+82+s 160+

3 o3
If g is the fourth quiz score, then since the other quiz scores are 8, 8, and 8, the average of the four quiz scores is
8+8+8+g 24+g¢q

4 T4

If x dollars are invested at 2%% simple interest, then the first year you will receive 0.025x dollars in interest.

If n is the number of months the apartment is rented, and each month the rent is $795, then the total rent paid is 795n.
Since w is the width of the rectangle, the length is four times the width, or 4w. Then
area = length x width = 4w x v = 4w? 2
Since w is the width of the rectangle, the length is w + 4. Then
perimeter = 2 x length + 2 x width =2 (w +4) + 2 (w) = (4w + 8) ft

. . . . . . . . distance d
If d is the given distance, in miles, and distance = rate x time, we have time = = —.

rate 55
. . . . . lh 3.
Since distance = ratex time we have distance = s x (45 min) — = s mi.
60 min
If x is the quantity of pure water added, the mixture will contain 25 oz of salt and 3 + x gallons of water. Thus the

concentration is .
3+x

If p is the number of pennies in the purse, then the number of nickels is 2p, the number of dimes is 4 + 2p, and
the number of quarters is (2p) + (4 +2p) = 4p + 4. Thus the value (in cents) of the change in the purse is
1-p+5-2p+10-(44+2p)+25-(4p+4)=p+10p +40+20p + 100p + 100 = 131 p + 140.
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If d is the number of days and m the number of miles, then the cost of a rental is C = 65d + 0.20m. In this case, d = 3

80
and C = 275, so we solve for m: 275 =65 -3 +0.20m <275 =195+ 02m < 02m =80 < m = 02 = 400. Thus,
Michael drove 400 miles.

If m is the number of messages, then a monthly cell phone bill (above $10) is B = 10 + 0.10 (m — 1000). In this case,

28.5
B = 38.5 and we solve for m: 38.5 = 10 4+ 0.10 (m — 1000) < 0.10 (m — 1000) = 28.5 & m — 1000 = o1 285 &

m = 1285. Thus, Miriam sent 1285 text messages in June.

If x is Linh’s score on her final exam, then because the final counts twice as much as each midterm, her average score

82475471420 _ 22842 _ lMd4x o 209, have 14+
= = . I‘or ner to average , W€ mus ave
3(100) + 200 500 250 ge ou% 250

114 4+ x = 250 (0.8) = 200 < x = 86. So Linh scored 86% on her final exam.

=80% =08 &

Six students scored 100 and three students scored 60. Let x be the average score of the remaining 25 — 6 — 3 = 16 students.
6 (100) 4 3 (60) + 16x
25 (100)
1320

& 16x = 1320 < x = = = 82.5. Thus, the remaining 16 students’ average score was 82.5%.

Because the overall average is 84% = 0.84, we have =0.84 & 780 + 16x = 0.84 (2500) = 2100

Let m be the amount invested at 4%%. Then 12,000 — m is the amount invested at 4%.

Since the total interest is equal to the interest earned at 4% % plus the interest earned at 4%, we have

45
525 = 0.045m + 0.04 (12,000 — m) < 525 = 0.045m + 480 — 0.04m < 45 = 0.005m & m = 0005 = 9000. Thus

$9000 is invested at 4%%, and $12,000 — 9000 = $3000 is invested at 4%.
Let m be the amount invested at 5%%. Then 4000 + m is the total amount invested. Thus

4%% of the total investment = interest earned at 4% + interest earned at 5 % %

20
S0 0.045 (4000 + m) = 0.04 (4000) 4 0.055m < 180 + 0.045m = 160 + 0.055m < 20 = 0.0lm & m = 00l = 2000.

Thus $2,000 needs to be invested at 5%%.

262.5
Using the formula / = Prt and solving for r, we get 262.50 =3500-r - 1 & r = 3500 — 0.075 or 7.5%.

If $1000 is invested at an interest rate a%, then 2000 is invested at (a + %) %, so, remembering that a is expressed as a

1
a+ 5
2. 1 = 10a 4+ 20a + 10 = 30a + 10. Since the total interest

percentage, the total interest is / = 1000 - %‘O -1+42000 -
is $190, we have 190 = 30a + 10 < 180 = 30a < a = 6. Thus, the $1000 is invested at 6% interest.

Let x be her monthly salary. Since her annual salary = 12 x (monthly salary) 4+ (Christmas bonus) we have

97,300 = 12x + 8,500 < 88,800 = 12x < x = 7,400. Her monthly salary is $7,400.

Let s be the husband’s annual salary. Then her annual salary is 1.15s. Since husband’s annual

salary+wife’s annual salary = total annual income, we have s + 1.15s = 69,875 < 2.15s = 69,875 < s = 32,500. Thus
the husband’s annual salary is $32,500.

Let x be the overtime hours Helen works. Since gross pay = regular salary 4 overtime pay, we obtain the equation

35250 =750 x 35+ 7.50 x 1.5 x x < 352.50 = 26250+ 11.25x 90 = 11.25x & x = = 8. Thus Helen

11.25
worked 8 hours of overtime.

Let x be the hours the assistant worked. Then 2x is the hours the plumber worked. Since the labor charge is equal to the
plumber’s labor plus the assistant’s labor, we have 4025 = 45 (2x) + 25x & 4025 = 90x + 25x < 4025 = 115x &

x = % = 35. Thus the assistant works for 35 hours, and the plumber works for 2 x 35 = 70 hours.
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All ages are in terms of the daughter’s age 7 years ago. Let y be age of the daughter 7 years ago. Then 11y is the age of
the movie star 7 years ago. Today, the daughter is y 4+ 7, and the movie star is 11y + 7. But the movie star is also 4 times
his daughter’s age today. So4 (y+7) =1ly+7 <4y +28 = 1ly+7 < 21 =7y & y = 3. Thus the movie star’s age
today is 11 (3) + 7 = 40 years.

Let & be number of home runs Babe Ruth hit. Then % + 41 is the number of home runs that Hank Aaron hit. So

1469 = h + h + 41 & 1428 = 2h & h = 714. Thus Babe Ruth hit 714 home runs.

Let p be the number of pennies. Then p is the number of nickels and p is the number of dimes. So the value of

the coins in the purse is the value of the pennies plus the value of the nickels plus the value of the dimes. Thus
1.44=0.01p+0.05p+0.10p =144 =0.16p & p = % = 9. So the purse contains 9 pennies, 9 nickels, and 9 dimes.
Let g be the number of quarters. Then 2¢ is the number of dimes, and 2g + 5 is the number of nickels. Thus 3.00 = value
of the nickels+ value of the dimes+ value of the quarters. So

3.00 =0.05(2¢g +5) +0.10(29) + 0.25g < 3.00 = 0.10g + 0.25 4+ 0.20g + 0.25g < 2.75 =0.55¢ & g = % =5.
Thus Mary has 5 quarters, 2 (5) = 10 dimes, and 2 (5) 4+ 5 = 15 nickels.

W

Let [ be the length of the garden. Since area = width - length, we obtain the equation 1125 =25/ & [ = % =45 ft. So
the garden is 45 feet long.

Let w be the width of the pasture. Then the length of the pasture is 2w. Since area= lengthx width we have
115,200 = w Qw) = 2w? o w? = 57,600 = w = £240. Thus the width of the pasture is 240 feet.

Let x be the length of a side of the square plot. As shown in the figure, x

area of the plot = area of the building + area of the parking lot. Thus,

x2 = 60 (40) + 12,000 = 2,400 + 12,000 = 14,400 = x = £120. So the plot of
land measures 120 feet by 120 feet.

60

40

Let w be the width of the building lot. Then the length of the building lot is Sw. Since a half-acre is % - 43,560 = 21,780

and area is length times width, we have 21,780 = w (Sw) = 502 & w? = 4,356 = w = £66. Thus the width of the
building lot is 66 feet and the length of the building lot is 5 (66) = 330 feet.

base; + basep

The figure is a trapezoid, so its area is 5

(height). Putting in the known quantities, we have

2
120 = 2 +2 Y (y) = 3y2 & y? =80 = y = +£4/80 = +4./5. Since length is positive, y = 4/5 ~ 8.94 inches.
First we write a formula for the area of the figure in terms of x. Region A has X

dimensions 10 cm and x cm and region B has dimensions 6 cm and x cm. So the

shaded region has area (10 - x) + (6 - x) = 16x cm?. We are given that this is equal 10cm| 4 .
cm
to 144 cm?, 50 144 = 16x & x = 1 =9em. . L

Let x be the width of the strip. Then the length of the mat is 20 + 2x, and the width of the mat is 15 + 2x. Now the
perimeter is twice the length plus twice the width, so 102 =2 (20 +2x) +2(15+2x) © 102 =40+ 4x + 30+ 4x &
102 =70 + 8x & 32 = 8x < x = 4. Thus the strip of mat is 4 inches wide.

Let x be the width of the strip. Then the width of the poster is 100 + 2x and its length is 140 4 2x. The perimeter of the
printed area is 2 (100) + 2 (140) = 480, and the perimeter of the poster is 2 (100 + 2x) + 2 (140 + 2x). Now we use the
fact that the perimeter of the poster is 1% times the perimeter of the printed area: 2 (100 4 2x) + 2 (140 + 2x) = % -480 &
480 + 8x = 720 & 8x = 240 & x = 30. The blank strip is thus 30 cm wide.
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. L . 10+x x
Let x be the length of the man’s shadow, in meters. Using similar triangles, ¢ =3 S2W+2x=bbxe=4x=20

x = 5. Thus the man’s shadow is 5 meters long.

Let x be the height of the tall tree. Here we use the property that corresponding
sides in similar triangles are proportional. The base of the similar triangles starts at
x=5 150 x=5

eye level of the woodcutter, 5 feet. Thus we obtain the proportion I =35 =
25(x —5) = 15(150) & 25x — 125 = 2250 & 25x = 2375 & x = 95. Thus the v 5 §15 125
tree is 95 feet tall. >

Let x be the amount (in mL) of 60% acid solution to be used. Then 300 — x mL of 30% solution would have to be used to
yield a total of 300 mL of solution.

60% acid 30% acid Mixture
mL x 300 — x 300
Rate (% acid) 0.60 0.30 0.50
Value 0.60x 0.30 (300 — x) | 0.50(300)

60
Thus the total amount of pure acid used is 0.60x 4 0.30 (300 — x) = 0.50 (300) © 0.3x +90 =150 & x = 03 = 200.
So 200 mL of 60% acid solution must be mixed with 100 mL of 30% solution to get 300 mL of 50% acid solution.

The amount of pure acid in the original solution is 300 (50%) = 150. Let x be the number of mL of pure acid added. Then

150 + x

the final volume of solution is 300 + x. Because its concentration is to be 60%, we must have 300 =60% =0.6

+x

30
1504+x =06300+x) <150 +x =180+ 0.6x ©04x =30 = x = 04> 75. Thus, 75 mL of pure acid must be
added.

Let x be the number of grams of silver added. The weight of the ringsis 5 x 18 g =90 g.

5 rings Pure silver Mixture
Grams 90 90 + x
Rate (% gold) 0.90 0 0.75
Value 0.90 (90) 0x 0.75 (90 + x)

S00.90(90) + 0x =0.75(90+x) © 81 =675+ 0.75x £ 0.75x = 135 = x = % = 18. Thus 18 grams of silver

must be added to get the required mixture.

Let x be the number of liters of water to be boiled off. The result will contain 6 — x liters.

Original | Water Final
Liters 6 —Xx 6—x
Concentration 120 0 200
Amount 120 (6) 0 200 (6 — x)

S0 120 (6) + 0 = 200 (6 — x) & 720 = 1200 — 200x < 200x = 480 < x = 2.4. Thus 2.4 liters need to be boiled off.
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60% antifreeze | 60% antifreeze (removed) | Water | Mixture
Liters 3.6 X X 3.6
Rate (% antifreeze) 0.60 0.60 0.50
Value 0.60 (3.6) —0.60x Ox 0.50 (3.6)

S0 0.60 (3.6) — 0.60x + 0x = 0.50(3.6) ©2.16 —0.6x = 1.8 & —0.6x = 036 @ x = o6 = 0.6. Thus 0.6 liters

must be removed and replaced by water.

Let x be the number of gallons of 2% bleach removed from the tank. This is also the number of gallons of pure bleach

added to make the 5% mixture.

S00.02(100 —x) +x =0.05-100 &2 —0.02x +x =5 < 0.98x = 3 & x = 3.06. Thus 3.06 gallons need to removed

—0.36

Original 2% Pure bleach | 5% mixture
Gallons 100 — x X 100
Concentration 0.02 0.05
Bleach 0.02 (100 — x) 1x 0.05 - 100

and replaced with pure bleach.

Let ¢ be the concentration of fruit juice in the cheaper brand. The new mixture that Jill makes will consist of 650 mL of the

original fruit punch and 100 mL of the cheaper fruit punch.

Original Fruit Punch | Cheaper Fruit Punch | Mixture
mL 650 100 750
Concentration 0.50 c 0.48
Juice 0.50 - 650 100c¢ 0.48 - 750

S0 0.50 - 650 + 100c = 0.48 - 750 < 325 + 100c = 360 < 100c = 35 < ¢ = 0.35. Thus the cheaper brand is only

35% fruit juice.

Let x be the number of ounces of $3.00/0z tea Then 80 — x is the number of ounces of $2.75/0z tea.

$3.00 tea $2.75 tea Mixture
Pounds X 80 —x 80
Rate (cost per ounce) 3.00 2.75 2.90
Value 3.00x 2.75(80 — x) | 2.90(80)

S0 3.00x 4+ 2.75 (80 — x) = 2.90 (80) < 3.00x + 220 — 2.75x = 232 < 0.25x = 12 & x = 48. The mixture uses
48 ounces of $3.00/0z tea and 80 — 48 = 32 ounces of $2.75/0z tea.

Let ¢ be the time in minutes it would take Candy and Tim if they work together. Candy delivers the papers at a rate of
% of the job per minute, while Tim delivers the paper at a rate of % of the job per minute. The sum of the fractions of the

job that each can do individually in one minute equals the fraction of the job they can do working together. So we have
1

; =
37 minutes 20 seconds if they worked together.

% + % S560=8t+7t<=560=15t ot = 37% minutes. Since % of a minute is 20 seconds, it would take them

Let ¢ be the time, in minutes, it takes Hilda to mow the lawn. Since Hilda is twice as fast as Stan, it takes Stan 2¢ minutes to

1 1
mow the lawn by himself. Thus 40 - " +40- % 140420 =1t <t = 60. So it would take Stan 2 (60) = 120 minutes

to mow the lawn.
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Let ¢ be the time, in hours, it takes Karen to paint a house alone. Then working together, Karen and Betty can paint a house
1 I 3
S-tg=©

t

in %t hours. The sum of their individual rates equals their rate working together, so 7 + % = >

2
=zt
3
6+t =9 &t = 3. Thus it would take Karen 3 hours to paint a house alone.

Let & be the time, in hours, to fill the swimming pool using Jim’s hose alone. Since Bob’s hose takes 20% less time, it uses

1 1
only 80% of the time, or 0.84. Thus 18 - " + 18- 0sh = 1=18-08+4+18=0.8h <1444+ 18=0.8h < 32.4=0.8h

< h =40.5. Jim’s hose takes 40.5 hours, and Bob’s hose takes 32.4 hours to fill the pool alone.

Let ¢ be the time in hours that Wendy spent on the train. Then % — t is the time in hours that Wendy spent on the bus. We

construct a table:

Rate Time Distance
By train | 40 t 40t

11 11
By bus 60 5 —1] 60 (7 — t)

The total distance traveled is the sum of the distances traveled by bus and by train, so 300 = 40¢ + 60 (% - t) e

300 =40f + 330 - 60t & —30 = 20t &t = :—%8 = 1.5 hours. So the time spent on the train is 5.5 — 1.5 = 4 hours.

Let r be the speed of the slower cyclist, in mi/h. Then the speed of the faster cyclist is 2r.

Rate | Time | Distance

Slower cyclist r 2 2r

Faster cyclist 2r 2 4r

When they meet, they will have traveled a total of 90 miles, so 2r + 4r = 90 & 6r = 90 & r = 15. The speed of the
slower cyclist is 15 mi/h, while the speed of the faster cyclist is 2 (15) = 30 mi/h.

Let r be the speed of the plane from Montreal to Los Angeles. Then r 4+ 0.20r = 1.20r is the speed of the plane from Los
Angeles to Montreal.

Rate | Time | Distance
2
Montreal to L.A. r 500 2500
r
L.A. to Montreal | 1.2r 2500 2500
1.2r
2500 2500 55 2500 2500
The total time is the sum of the times each way, so 9% = + o — = +
r 1.2r 6 r 1.2r
55-1.2r =2500-6-1.2 42500 -6 < 66r = 18,000 4+ 15,000 < 66r = 33,000 = r = % = 500. Thus the plane flew

at a speed of 500 mi/h on the trip from Montreal to Los Angeles.

5280 ft _ 22
36005 = 15 1US-

The truck is traveling at 50 - % = % ft/s. So in 6 seconds, the truck travels 6 - @ = 440 feet. Thus the back end

of the car must travel the length of the car, the length of the truck, and the 440 feet in 6 seconds, so its speed must be
144-30+440
6

Let x be the speed of the car in mi/h. Since a mile contains 5280 ft and an hour contains 3600 s, 1 mi/h =

= % ft/s. Converting to mi/h, we have that the speed of the car is %2 . é—; = 55 mi/h.

Let x be the distance from the fulcrum to where the mother sits. Then substituting the known values into the formula given,
we have 100 (8) = 125x <& 800 = 125x & x = 6.4. So the mother should sit 6.4 feet from the fulcrum.

Let w be the largest weight that can be hung. In this exercise, the edge of the building acts as the fulcrum, so the 240 1b
man is sitting 25 feet from the fulcrum. Then substituting the known values into the formula given in Exercise 43, we have
240 (25) = 5w & 6000 = 5w < w = 1200. Therefore, 1200 pounds is the largest weight that can be hung.
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Let / be the length of the lot in feet. Then the length of the diagonal is / + 10. We /
apply the Pythagorean Theorem with the hypotenuse as the diagonal. So

124502 = (I + 10)2 & 12 4 2500 = 12 + 20 + 100 < 20[ = 2400 & [ = 120.
Thus the length of the lot is 120 feet.

30 1+10

Let r be the radius of the running track. The running track consists of two semicircles and two straight sections 110 yards
110

long, so we get the equation 27rr + 220 = 440 & 27r = 220 & r = -~ = 35.03. Thus the radius of the semicircle is

about 35 yards.
Let & be the height in feet of the structure. The structure is composed of a right cylinder with radius 10 and height %h and a

cone with base radius 10 and height %h. Using the formulas for the volume of a cylinder and that of a cone, we obtain the

equation 14007 = 7 (10)? (%h) + 1m (102 (%h) © 14007 = 297 4 107 )y < 126 = 6h + h (multiply both sides
9
by Toom ) © 126 = 7h & h = 18. Thus the height of the structure is 18 feet.
T
Let & be the height of the break, in feet. Then the portion of the bamboo above the
break is 10 — 4. Applying the Pythagorean Theorem, we obtain

10—nh
W% 432 = (10 — h)2 & h2 +9 =100 — 20h + h? & —91 = —20h & h
h = % = 4.55. Thus the break is 4.55 ft above the ground.

Pythagoras was born about 569 BC in Samos, Ionia and died about 475 BC.
Euclid was born about 325 BC and died about 265 BC in Alexandria, Egypt.
Archimedes was born in 287 BC in Syracuse, Sicily and died in 212 BC in Syracuse.

Answers will vary.

CHAPTER P REVIEW

1.

(a) Since there are initially 250 tablets and she takes 2 tablets per day, the number of tablets T that are left in the bottle
after she has been taking the tablets for x daysis T = 250 — 2x.

(b) After 30 days, there are 250 — 2 (30) = 190 tablets left.

(¢) WesetT =0 andsolve: T =250 —2x = 0 & 250 = 2x < x = 125. She will run out after 125 days.

. (a) The total cost is $2 per calzone plus the $3 delivery charge, so C = 2x + 3.

(b) 4 calzones would be 2 (4) + 3 = $11.

(¢) Wesolve C =2x +3 =15 2x = 12 < x = 6. You can order six calzones.

. (a) 16 is rational. It is an integer, and more precisely, a natural number.

(b) —16is rational. It is an integer, but because it is negative, it is not a natural number.
(¢) +/16 =4 isrational. It is an integer, and more precisely, a natural number.
(d) /2 is irrational.

(e) % is rational, but is neither a natural number nor an integer.

®) —% = —4 is rational. It is an integer, but because it is negative, it is not a natural number.

. (a) —5isrational. It is an integer, but not a natural number.

(b) — 2—65 is rational, but is neither an integer nor a natural number.

(¢) +/25 = 5 is rational, a natural number, and an integer.

(d) 37 is irrational.
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(e) % = % is rational, but is neither a natural number nor an integer.

(f) 1020 is rational, a natural number, and an integer.

5. Commutative Property of addition. 6. Commutative Property of multiplication.
7. Distributive Property. 8. Distributive Property.
52 5 4 9 3 7 11 21 22 1
9. — =4 -=-== 10. 0" 153 3= 30
@st3 66 672 @ 5730 30 30
(b)5 2_5 4_1 (b) +1l 21+22_43
6 3 6 6 6 1530 30 30
15 12 15-12 3.3 9 30 12 30-35 5-5 25
11.(a)—-—_— = 12()—;—_—:—:—
5 8-5 2.1 2 35 7-12 1-2 2
12 15-5 5.5 25 12 30-12 6-12 72
(b)__? 8- 12 8-4 32 (b)7'§_7-35_7-7_5
13. xe[-2,6) = -2<x<6 14.x € (0,100 <x < 10

-2 6 0 10
15. x e (00,4l & x <4 16. x € [-2,00) & -2 < x
4 - i
17. x > 5o x €[5, 00) 18.x < -3 x € (—o0, —3)
5 ' A
19. -1 <x<5exe(-15] 0.0sx<yexel0)]
-1 5 0 1
20 @ AUB=[-1,041234] 22.(a) CUD = (~1,2]
b) ANB ={1} ®b)CND=(0,1]
23. (@) ANC ={1,2} 24.(a) AND = {0, 1}
® BnD={}1] ® Bnc=1{41]
25. [7—10| =|-3] =3 26.13—[-9|=13-9|=|-6|=6
1/2¢1/2 _ -3 -2 _ 1 1_ 9 8 _ 1
27. 2172812 = /2. /8= /16 =4 28273 -3 2=g—§F=m - =72
1 1 1 2/3
29. 216713 = == 30.6423 = (43) " =42 =16
21613 3216 6 ( )
V242 242
31, —/— = =J121 =11 32. /2450 = /100 = 10
NG
33. @ |5-3=2|=2 3.(@) [-4-0=|-4=4
(b) |-5—-3|=|-8[=8 (b) |[-4 -4 =|-8] =8
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@ J7=77

(b) V7% = 74/5

(a) Vx5 = x5/0

w (V) = (x12) =52

2
(2x3y) (3x_1y2) = 4x(’y2 . 3)c_1y2 =4. 3x6_1y2+2
= 12)65y4

4 2 4 2
x* (3x) _x - 9x — 9ydH2-3 _ g3

.X3 X3
2
V(3y)7yt = Va0yHyZ = Jx0y0 = x2)?
8rl/24=3 4r5/2

= 4r(1/2)=(=2) =34 _ 4,.5/25-T7 _ -
2r—*s s

-2
ab?c¢™3
2a3p—4

78,250,000,000 = 7.825 x 1010
2.08 x 1078 = 0.0000000208

_ a=2p=4c0
T 2724-6)8

— 924=2—(=6),—4—8 .6 _ 4,4p—12,6 _

CHAPTERP  Review
36. (a) V57 =57/3

(b (\4/3)3 _ (51/4)3 _ 53/4

-3 2 4
40. (a2) (a3b) (b3) —a=6.40p2 . p12
— a_6+6b2+12 — b14

6

2.4/3 12 .8

a (ZEEY Zr2 L esase Lo
r1/3s r2s6

c 2.8064 x 1012
~ 1.65 x 10732

60 minutes 24 hours 365 days
hour

times

minute day year
2x2y — 6xy? = 2xy (x — 3y)
12x2y4 - 3xy5 + 9x3y2 = ?)xy2 (4xy2 - y3 + 3x2)

45x—l4=0Gx+T7)(x—-2)

—14 —6 —14
ab _ (0.00000293) (1582 x 10714) (293 % 1076) (1582 x 1071) 5031 58
2.8064 x 1012 B

% 10-6-14-12
2.8064

- 90 years ~ 3.8 x 10° times

x4+x2—2:(x2)2+x2—2:(x2+2) (xz—l):(x2+2)(x+l)(x—l)

32 —2x—1=0Cx+1)(x—1)
6x2+x —12=(3x —4) 2x +3)
42 — 13t — 12 = (4t +3) (r — 4)

x4—2x2+1:(x2—1)2:[(x—1)(x+1)]2:(x—1)2(x+1)2

16—42 =4 (4—12) =—4(+2) (1 -2)

250 =32y2 =232 (y* = 16) =22 (12 +4) (42 =4) =232 (2 +4) 0 +D (-2

x6—1=(x3—l)(x3+1)=(x—l)(x2+x+l)(x+l)(x2—x+1)

a*b? + abd = ab? (a3 + b3) = ab® (a + b) (a2 —ab + bz)

x3—27=(x—3)(x2+3x+9)

3y3 —81x3 =3 (y3 - 27x3) =3(y—3x) (y2 + 3xy + 9x2)
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43 82 43— 6= (x =2 +3(x—2) = (4x2+3) (x —2)
.33 — 202 4 18x — 12=x2(3x—2)+6(3x—2)=(3x—2)(x2~|—6)

a2 =T+ +6=[+y) —6][6c+) 1] = +y-6) (x+y+1)
. @+b)2=3@+b)—10=(a+b—5)(a+b+2)
- Ry =T) @y +7) =4y> — 49

) (1+x)(2—x)—(3—x)(3+x):2+x—x2—(9—x2) —24x—x2—94x2=—T+4x
. xz(x—2)+x(x—2)2=x3—2x2+x(x2—4x+4) =x3 =22 423 —4x? 4 4x = 2x3 — 6x2 + 4x

2
23 4+ 2x2 4+ 3x x(x +2x+3) 5
. = =x“4+2x+3

X X

VIRV ) = (x+ VX)) 2V —1) =2 X —x+ 2 — X =20 /X +x— /X
L2+ 13 =203 43202 (M) +320) ()2 +(1)3 =8x3 +12x2 +6x + 1

x2—2x—3  (x=3)(x+1) x-3

T2 45x4+3 x4+ +1D) 2x+3

B (z—l)(t2+z+1) 2yl

T2-1 ¢-DE+D T r+1

x242x =3 Bx4+12 @43)E-1) 3GE+4)  3(x+3)

X248 416 x—1  (x+dHx+4 (x-1)  x+4

x2—2x—15 x?—x—-12 (x=35@+3) G-DE+1) x+1

X2 —6x+5 x2-1  (x-5@-1) G-4Hx+3) x—4
R 1 B B e
x+1 x+1 x+1 x+1
- x x2+1 _ x(x—1) _x2+1—x2+x_ x+1
Tx—1 X241 =D EZ+1) D2+ =D EZ+1) =D (xZ+1)
1 3 20—-2?%  x(x—2) 3x

x+x—2+(x—2)2_x(x—2)2 x(x =22 x(x-2)>2

2 2
Z(x —4x+4)+x —2x +3x _2x2—8x+8+x2—2x+3x _3x2—7x+8

x()c—Z)2 )c(x—2)2 x(x—2)2
1 1 21 1 2
‘x+2+x2_4_x2_x_2_x+2+(x—2)(x+2)_(x—z)(x+1)
B x=2)(x+1 x+1 2(x+2)
T x=2 @+ +2) (x—2)(x+1)(x—|—2)_(x—2)(x+1)(x~|—2)
_xz—x—2+x+1—2x—4_ x2=2x—5
T @=2E+DE+2 k=G +DE+2)
1 1 2 X
7 3y op _2-x 1 _-lx=» 1 -l
x =2 x—=2 2x  x—2 2x x =2 2x
1 1 1 1
Y TETT i ¥l x4 _GHh-x 1
l+ 1 I 1 @+ @+D+x 2x+1
x  x—4+1 x  x—4+1
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86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.
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101.

102.
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2 2
3(c+h) —5(X+h)—(3x —5X) 322 4 6xh +3h% = 5x —5h —3x2 +5x _ 6xh +3h% —5h

h h h h
h(6x+3h—>5
=7(x+h ) —6x+3h—5
Vith=Vx Vxd+h=Jx Jx+h+Sx o +h)-x h _ 1
h h Vx+h+yx h(Vx+h+yx) h(Vx+h+x) Jx+h+x
11 VIV
VIT V11 Jir 11
33 V6 36 V6
Vo Vo Jo o6 2
10 10 2+1 10+ 10v2
= Y2l 10+ “[=10+10«/§
V2-1 V2-1 V2+1 2-1
14 14 3+4V2 02+14/2 4241442
+V2  2+142 +“/_:6+zﬁ

3—ﬁ:3—ﬁ'3+ﬁ_32_(ﬁ)2_ 7
x o x 2= 2x—xJx Cx(Va=2)
24+ Jx  24+.Jx 2—ﬁ_22_(ﬁ)2_ x—4

JE=2  Jx—=2 Jx-2 x—4/x+4
Jr+2 Jr+2 JSx-2 @ x—4

5

x—:—IO is defined whenever x + 10 # 0 < x # —10, so its domain is {x | x # —10}.
X

2

5 al 5 is defined whenever x2 — 9 # 0 < x2 £ 9 & x # =£3, so its domain is {x | x # —3 and x # 3}.
X2 —

VX4 defined wh > 0 (so th is defined) and x? — 3x — 4 = 1 4)#£0 1 and
mls efined whenever x > 0 (so that 4/x is defined) and x* —3x =4 = (x + 1) (x —4) #0 < x # —1 an
x # 4. Thus, its domain is {x | x > 0 and x # 4}.

Vx =3
#His deﬁnedwheneverx—320(:)x23andx2—4x+4=(x—2)2#O(:)x;é:i:Z. Thus, its domain is
x* —4x
{xx >3}

This statement is false. For example, take x = 1 and y = 1. Then LHS = (x + y)3 =1+ 1)3 =23 = 8, while
RHS=x3+y =13+13=141=2and8 #2.
1+Va 1+a 1-a l—a 1

I—a 1-a 1-va (-a(l—-va) 1-+a

This statement is true for a # 1:

12 12 12
This statement is true: +y =—+ y_ = + 1.
y y y y
This statement is false. For example, take ¢ = 1 and b = 1. Then LHS = Ja+b = 1+ 1 = /2, while

RHS = Ya+ Vb=vT+JT=1+1=2and v2 #2.
This statement is false. For example, take @ = —1. Then LHS = va~ = 4/ (—1)2 = ﬁ = 1, which does not equal

a = —1. The true statement is vV a~ = |a|.

1 1 1 1 1 1 1 5
This statement is false. For example, take x = 1. Then LHS = —— = —— = —, whileRHS = -+ - = -+ - = —,
x+4 144 5 x 4 1 4 4
1 5
d-#-.
and 37 3
G+R=Uox=Rox=4 104.5r - T =N S5x =49 x =2

5
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Tx—6=4x+93x=15<x=5 106.8 —2x =144+ x = -3x=6x=-2

S

hh—l=2en-3=Reu=15cx=
ILrtdi=l-eln+9=3-30e4r=-—6or=-F=—5

20 4+3)—4(x—5=8-5x2x+6—-4x+20=8—-5x & -2x+26=8-5x =3x=—-18x=-6

~5 2%+5 5
oo 2t =2 e3(-9) 2@+ =503k -15-4-10=5o -r=30cx=-30

2 3
x+1 2x—-1 5 5
=—ox+D)2x+D=2x—-DHx—-Do2x*+3x+1=2x*-3x+16x=0x=0
x—1 2x+1
X 7
-3= ox-3@x+d)=lox-3x-6=leo-2=Tcx=—
x+2 x+2 2
x+1 3x 3x X 5 2 . .
S+ —-2)=x(x—-1)ox*—x—2=x"—x < -2 =0. Since this

x—1 3x—6 3(x-2) x-=2
last equation is never true, there is no real solution to the original equation.

42?2 = (-4 x4+ - (-4 =0 [6x+2)-x—-D[E+)+x—-4)] = 0 &
+2—x+4[x+24+x—-4=62x—-2)=02x—2=0x = 1.
¥ =144=x ==£12

4x2:49<:>x2:47r9:>x::l:%

¥-21=0x*=27=x=3.

6x* +15 = 0 & 6x* = —15 & x* = —3. Since x*

must be nonnegative, there is no real solution.
x+1)P=-6tox+l=-d4ox=—1-4=-5
(x+22—2=0(x+2?=2cx+2=22x=-2+.2.

Hx=-"3ex=(-3P3=-27.
2
x2/3—4=0<:>(x1/3) — 4= x40 =48

4x3/4 500 = 0 = 4x3/4 = 500 @ x3/4 = 125 & x = 1254/3 = 5% = 625.
k- =2ex-2=2=32cx=2+32=34

A=Y oh v pyor=24—y.
V —xz
V=xy+yz+xzeV=yx+)txzeV—-xz=yk+2)y= T
1 1 1 1 1 11 11
Multiply throughby#: J = -+ —+—<t/=1+-4+-=—t=—,J #0.
HHPLY THTOUER By TR TIt3T% Tha
q1492 q192 q192

F=k

7 & r? = kT or ==+ kT. (In real-world applications, r represents distance, so we would take the
-
positive root.)

Let x be the number of pounds of raisins. Then the number of pounds of nuts is 50 — x.

Raisins Nuts Mixture
Pounds X 50 —x 50
Rate (cost per pound) 3.20 2.40 2.72

S0 3.20x + 2.40 (50 — x) = 2.72 (50) & 3.20x + 120 — 2.40x = 136 < 0.8x = 16 <& x = 20. Thus the mixture uses
20 pounds of raisins and 50 — 20 = 30 pounds of nuts.
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131.

132.
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134.

CHAPTERP  Test 51

Let ¢ be the number of hours that Anthony drives. Then Helen drives for r — % hours.

Rate | Time Distance
Anthony | 45 t 45¢

1 1
Helen | 40 |14 [40(i—1})

When they pass each other, they will have traveled a total of 160 miles. So 45¢ 440 (t - %) =160 & 451440t — 10 = 160
& 85t = 170 &t = 2. Since Anthony leaves at 2:00 P.M. and travels for 2 hours, they pass each other at 4:00 P.M.

Let x be the amount invested in the account earning 1.5% interest. Then the amount invested in the account earning 2.5% is
7000 — x.

1.5% Account 2.5% Account Total
Amount invested X 7000 — x 7000
Interest earned 0.015x 0.025 (7000 — x) | 120.25

From the table, we see that 0.015x +0.025 (7000 — x) = 120.25 < 0.015x + 175 —0.025x = 120.25 & 54.75 = 0.01lx &
x = 5475. Thus, Luc invested $5475 in the account earning 1.5% interest and $1525 in the account earning 2.5% interest.

The amount of interest Shania is currently earning is 6000 (0.03) = $180. If she wishes to earn a total of $300, she must
earn another $120 in interest at a rate of 1.25% per year. If the additional amount invested is x, we have the equation
0.0125x = 120 < x = 9600. Thus, Shania must invest an additional $9600 at 1.25% simple interest to earn a total of $300
interest per year.

Let 7 be the time it would take Abbie to paint a living room if she works alone. It would take Beth 2¢ hours to paint the

1
living room alone, and it would take 3¢ hours for Cathie to paint the living room. Thus Abbie does n of the job per hour,

1 1 1 1 1
Beth does o of the job per hour, and Cathie does 3 of the job per hour. So n + % + 3= le6+34+2=060<
11

6t =11 &t = . So it would Abbie 1 hour 50 minutes to paint the living room alone.

Let w be width of the pool. Then the length of the pool is 2w, and its volume is 8 (w) Qw) = 8464 & 16w? = 8464 &

w? =529 = w = +23. Since w > 0, we reject the negative value. The pool is 23 feet wide, 2 (23) = 46 feet long, and
8 feet deep.

CHAPTER P TEST

1.

2.

3.

4.

(a) The costis C =9+ 1.5x.
(b) There are four extra toppings, so x =4 and C =9 + 1.5 (4) = $15.

(a) 5isrational. It is an integer, and more precisely, a natural number.
(b) /5 is irrational.

(¢) —2 = —3 is rational, and it is an integer.

(d) —1,000,000 is rational, and it is an integer.

(a) ANB={0,1,5}

b AUB={-2,0141357|

(a)

[—4,2) [0, 3]
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(b) >
0 2 —4 3
(© |[-4-2[=|-6]=6
(a) —20 = —64 (b) (—2)0 = 64 @26=+ -1 (d)ﬁ—7_2—i
. (a = ) = ¢ T 926 7 64 712 T 49

3\72 [(2)? 4 322 1 438 32 9 5 -3/4
e =(Z) == Y- _Z_ -~ =3/4 _ (34 —
O] (2) —(3) =5 ® ==71=3 @\ =7=1 ™3I _(3) =

. (a) 186,000,000,000 = 1.86 x 10! (b) 0.0000003965 = 3.965 x 107

3b2
b3

b
(2x3y )7 2
(© (le/zyz) (3x1/4y— )2 = 2. 325 (1/D+2(1/4) ) 242(=1) _ gy
@) V20— V125 =45 -25-5=25-5/5=-35

(e) V18x3y* =,/9.2.x2 —3xy2 2x

)
2x7y =2 (=)= (=3)(=2) y—2—(1/2)(=2) _ |
® (Tl/z) =27 2x2(=2)=(=3)(=2) y=2-(1/2)( )_4x10y

a

L@ 3(x+6)+4Qx —5) =3x+18+8x—20=11x—2

() (x+3)(4x —5) =4x? —5x+12x — 15 =4x2 +7x — 15
2 2
© (Va+vB)(va-vb)=(va) - (vb) =a=b
@ 2x+3)2=02)2+22x)B3)+ B2 =4x2 +12x +9
© x+23=0)P+30)2Q+30) @2+ =x3+6x2+12x+38
) x (x—3)(x+3)=x (x —9)=x4—9x

. (@) 4x2—25=(2x = 5)(2x +5)

) 2x2 +5x —12=Q2x —3) (x +4)

© x3—3x2—4x+12=x2(x—3)—4(x—3)=(x—3)(x2—4)=(x—3)(x—2)(x+2)
(d)x4+27x=x(x3+27)=x(x+3)(x2—3x+9)

© 2x—y)2=102x =) +25=2x— )2 =2(5)2x —y)+ 52 = 2x — y = 5)?

®) x3y—4xy=xy(x2—4)=xy(x—2)(x+2)

243 +2  +DE+2) x+2

@ 2—x—2 (x+DE=-2) x-2
(b)2x2—x—1 A+3 @ ADE -1 x+3 a1
x2—-9 2x+17 (x=3)(x+3) 2x+1 x-3
© x2 _x—{—l: x2 _x+1: x2 —(x+1DH(x—-2)
2—4 x+2 (x=-2)(x+2) x+2 x-2)x+2) x=2)(x+2)
xz—(xz—x—2) x+2 1

x=2)(x+2) ~ @x-2)(x+2) x-2
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11.

12.

13.
14.
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y X y X
. I 2 2
X X X —X y—x)(y+=x —(x—y)(+=x
(d) Yy _ y o _Y _ )& )= NG )=—(y+x)
T oy x—y x—y x—y
X y x

y
6 _ 6 _ 6 2 _62_
N2 RN N
JIB V0 ez VI0(v5+2)
V5-2 -2 5+2 0 54
1 1 1-yx 1-Jx
I+ 1+Jx I—Jx 1-x

@ d4x—-3=x+T74x-2x=7—-(-3)=2x=10x =5.
b) 83 =—125 V83 = Y15 2 =-S5 =-3.

(@ J2

(b) = /50 +24/10 = 542 + 24/10

(c)

3/2
© x2P—64=0=x23 =64 (x2/3) 6432 oy =83 =512,

3
@ 3 al 5:2x—+1<:>x(2x—1):(x+3)(2x—5)<:>2x2—x:2x2—5x+6x—15<:>—x:x—15<:>2x:15
X — X —

_ 15
=X = 5 -

@©3x+D)2-18=03x+1) 2 =18c(x+ 1)l =6x+1l=2/6x=2/6-1

E |E . . L ..
E=m?e = =2 c=[—. (Wetake the positive root because ¢ represents the speed of light, which is positive.)
m m

Let d be the distance in km, between Bedingfield and Portsmouth.

Direction Distance | Rate | Time
d

Bedingfield — Portsmouth d 100 100
. d
Portsmouth — Bedingfield d 75 75

. distance
We have used time =

to fill in the time column of the table. We are given that the sum of the times is 3.5 hours.

d d d d 1050
Th t th tion — + —— =35&300 — + == ) =300(3.5 3d +4d = 1050 & d = —— = 150 km.
us we get the equation 100+75 < (100—1—75) (3.5) =3d + = 7
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FOCUS ON MODELING  Making the Best Decisions

. cost of maintenance number copy number
1. (a) The total cost is ) + + . Each month
copier cost of months cost of months

the copy cost is 8000 - 0.03 = 240. Thus we get C; = 5800 + 25n 4 240n = 5800 4 265n.

. . rental number copy number .
(b) In this case the cost is + . Each month the copy cost is
cost of months cost of months

8000 - 0.06 = 480. Thus we get C = 95n + 480n = 575n.
(c)

Years | n | Purchase | Rental
12 8,980 6,900
24 12,160 13,800
36 15,340 20,700
48 18,520 27,600
60 [ 21,700 34,500
6 72 24,880 | 41,400

wm A W N =

(d) The cost is the same when C| = C5 are equal. So 5800 + 265n = 575n < 5800 = 310n < n =~ 18.71 months.

. daily cost per number
2. (a) The cost of Plan 1is 3 - + =3-65+0.15x = 195 + 0.15x.
cost mile of miles
. daily
The cost of Plan 2 is 3 - =3-.90 = 270.
cost

(b) When x = 400, Plan 1 costs 195 + 0.15 (400) = $255 and Plan 2 costs $270, so Plan 1 is cheaper. When x = 800,
Plan 1 costs 195 4+ 0.15 (800) = $315 and Plan 2 costs $270, so Plan 2 is cheaper.
(¢) The cost is the same when 195 4 0.15x = 270 < 0.15 = 75x < x = 500. So both plans cost $270 when the

businessman drives 500 miles.

) setup cost per number
3. (a) The total cost is + . So C = 8000 + 22x.
cost tire of tires
i price per number
(b) The revenue is .So R =49x.
tire of tires

(c) Profit = Revenue — Cost. So P = R — C = 49x — (8000 + 22x) = 27x — 8000.
(d) Break even is when profit is zero. Thus 27x — 8000 = 0 < 27x = 8000 < x =~ 296.3. So they need to sell at least
297 tires to break even.
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4. (a) Option 1: In this option the width is constant at 100. Let x be the increase in length. Then the additional area is

increase
width x = 100x. The cost is the sum of the costs of moving the old fence, and of installing the

in length

new one. The cost of moving is $6 - 100 = $600 and the cost of installation is 2 - 10 - x = 20x, so the total cost is

C —

0
C = 20x + 600. Solving for x, we get C = 20x 4+ 600 < 20x = C — 600 & x = . Substituting in the area

C — 600
we have A; = 100 (T) =5(C — 600) = 5C — 3,000.

Option 2: In this option the length is constant at 180. Let y be the increase in the width. Then the additional area is

length x fnerease = 180y. The cost of moving the old fence is 6 - 180 = $1080 and the cost of installing the new
in width
oneis2-10-y = 20x, so the total costis C = 20y + 1080. Solving for y, we get C = 20y + 1080 < 20y = C — 1080
Sy = C_TI)OSO Substituting in the area we have Ay = 180 (C—Tl)()SO) =9(C —1080) =9C —9,720.
(b)
Cost, C | Area gain A from Option 1 | Area gain A from Option 2
$1100 2,500 ft2 180 ft2
$1200 3,000 ft? 1,080 ft?
$1500 4,500 ft> 3,780 ft2
$2000 7,000 ft2 8,280 2
$2500 9,500 ft2 12,780 ft2
$3000 12,000 ft2 17,280

(¢) If the farmer has only $1200, Option 1 gives him the greatest gain. If the farmer has only $2000, Option 2 gives him the
greatest gain.
5. (a) Design 1 is a square and the perimeter of a square is four times the length of a side. 24 = 4x, so each side is x = 6 feet
long. Thus the area is 62 = 36 ft2.

. L . . 12 .
Design 2 is a circle with perimeter 27rr and area 7r2. Thus we must solve 27rr = 24 < r = —. Thus, the area is
T

12\2 144

™ (—) = — ~ 45812, Design 2 gives the largest area.

™ T

(b) In Design 1, the cost is $3 times the perimeter p, so 120 = 3 p and the perimeter is 40 feet. By part (a), each side is then
% = 10 feet long. So the area is 102 = 100 ft2.

In Design 2, the cost is $4 times the perimeter p. Because the perimeter is 27wr, we get 120 = 4 (27wr) so

T 8w ™
6. (a) Plan 1: Tomatoes every year. Profit = acres x (Revenue — cost) = 100 (1600 — 300) = 130,000. Then for n years the
profitis P; = 130,000n.
(b) Plan 2: Soybeans followed by tomatoes. The profit for two years is Profit = acres x

120 15 15\% 225
r=——=—_Theareaiswr2 = (—) == ~71.6f Design 1 gives the largest area.
™ ™

soybean tomato .
+ = 100 (1200 4+ 1600) = 280,000. Remember that no fertilizer is

revenue revenue
needed in this plan. Then for 2k years, the profit is P, = 280,000k.
(¢) When n = 10, P; = 130,000 (10) = 1,300,000. Since 2k = 10 when k = 5, P, = 280,000 (5) = 1,400,000. So Plan B

is more profitable.
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56  FOCUSON MODELING

7. (a)
Data (GB) Plan A Plan B Plan C
1 $25 $40 $60
1.5 25+ 5(2.00) = $35 40 + 5(1.50) = $47.50 60 + 5 (1.00) = $65
2 25+ 10 (2.00) = $45 40 + 10 (1.50) = $55 60 + 10 (1.00) = $70
2.5 25+ 15(2.00) = $55 40 + 15(1.50) = $62.50 | 60+ 15 (1.00) = $75
3 25+ 20 (2.00) = $65 40 + 20 (1.50) = $70 60 + 20 (1.00) = $80
3.5 25 +25(2.00) = $75 | 40+ 25(1.50) = $77.50 60 + 25 (1.00) = $85
4 25 4+ 30 (2.00) = $85 40+ 30(1.50) = $85 | 60+ 30 (1.00) = $90

(b) For Plan A: Cp = 25 +2(10x — 10) = 20x + 5. For Plan B: Cg = 40 + 1.5 (10x — 10) = 15x 4 25.
For Plan C: Cc = 60 + 1 (10x — 10) = 10x + 50. Note that these equations are valid only for x > 1.
(¢) If Gwendolyn uses 2.2 GB, Plan A costs 25 + 12 (2) = $49, Plan B costs 40 + 12 (1.5) = $58, and Plan C costs
60+ 12 (1) = $72.
If she uses 3.7 GB, Plan A costs 25 + 27 (2) = $79, Plan B costs 40 + 27 (1.5) = $80.50, and Plan C costs
60 + 27 (1) = $87.
If she uses 4.9 GB, Plan A costs 25 + 39 (2) = $103, Plan B costs 40 + 39 (1.5) = $98.50, and Plan C costs
60 + 39 (1) = $99.
(d) (i) WesetCp =Cp < 20x+5=15x+25 < 5x =20 < x = 4. Plans A and B cost the same when 4 GB are used.
(if) Weset Cp = Cc ©20x +5 =10x + 50 & 10x =45 & x = 4.5. Plans A and C cost the same when 4.5 GB are
used.
(iii) We set Cg = Cc & 15x + 25 = 10x + 50 & 5x = 25 & x = 5. Plans B and C cost the same when 5 GB are
used.
8. (a) In this plan, Company A gets $3.2 million and Company B gets $3.2 million. Company A’s investment is $1.4 million,
so they make a profit of 3.2 — 1.4 = $1.8 million. Company B’s investment is $2.6 million, so they make a profit of
3.2 — 2.6 = $0.6 million. So Company A makes three times the profit that Company B does, which is not fair.
(b) The original investment is 1.4 + 2.6 = $4 million. So after giving the original investment back, they then share the
profit of $2.4 million. So each gets an additional $1.2 million. So Company A gets a total of 1.4 + 1.2 = $2.6 million
and Company B gets 2.6 4+ 1.2 = $3.8 million. So even though Company B invests more, they make the same profit as

Company A, which is not fair.

(c) The original investment is $4 million, so Company A gets % - 6.4 = $2.24 million and Company B gets

% - 6.4 = $4.16 million. This seems the fairest.
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1 EQUATIONS AND GRAPHS

1.1 THE COORDINATE PLANE

1. The point that is 2 units to the left of the y-axis and 4 units above the x-axis has coordinates (—2, 4).

2. If x is positive and y is negative, then the point (x, y) is in Quadrant I'V.

3. The distance between the points (a, b) and (c, d) is \/ (¢ — a)? + (d — b)2. So the distance between (1, 2) and (7, 10) is
JO =12+ (10-2)2 = /62 + 82 = /36 64 = VT00 = 10.

a+c b+d
2 7 2

4. The point midway between (a, b) and (c, d) is (

1+7 2410 8 12
L) = (5. %) = @
2 2 272

5.A(5,1),B(,2),C(-2,6), D(—6,2), E(—4,-1), F(-2,0),G (—1,-3), H (2, -2)

). So the point midway between (1, 2) and (7, 10) is

6. Points A and B lie in Quadrant 1 and points £ and G lie in Quadrant 3.

7. (0,5), (1, 0), (=1, —2), and (%, %) 8.(=5,0), (2,0), (2.6, —1.3), and (=2.5, —3.5)
y y
90, 5)
[ ]
(—2.5,3.5)
L1l Hs(12.2/3) (50 0
e - T 17 x
-1,-2) ! * *2.6,-1.3)
9. {(x,y) [ x =2} 10. {(x, y) | y =2}
y y
5 5
0] 5 x 0 5 X
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11. {(x,y) | x = —4} 12. {(x,y) | y <3}

13. {(x,y) | -3 <x <3} 14. {(x,y)|0<y <2}

| | |

W
=

15. {(x,y) [xy <0} 16. {(x, y) | xy > 0}
={(x,y)|x <0andy > O0orx > 0and y < 0}

={(x,y)|x <0andy <Oorx > 0andy > 0}
y

y

17. {(x,y) | x > land y < 3} 18. {(x,y) |x <2andy > 1}
y

l

=
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19. {(x,y)| -1 <x<land —2 <y <2}

y

21. The two points are (0, 2) and (3, 0).

SECTION 1.1 The Coordinate Plane

20. {(x,y)|-3<x<3and —1<y<1}

y

T
LTy x

(a) d:\/(3—0)2+(0—(—2))2 =32422=./9+4=13

o (340 0+2Y) 5
(b) midpoint: (T’ T) = (7, 1)

22. The two points are (—2, —1) and (2, 2).

@ d=/(=2—=22 + (=1 -2)> = /(-4 + (=3)> = V/T6F0 = /5 = 5

oo 242 —142 1
(b) mldpomt.( 7 5 )—(0, 7)

23. The two points are (—3, 3) and (5, —3).

(a) d = /(—3 -5+ @3- (=3)= \/(—8)2 + 62 = /64 + 36 = /100 = 10

(b) midpoint: (_3 5 3F (_3)) =(1,0)

2 2

24. The two points are (—2, —3) and (4, —1).

@ d= /(2= 42 + (=3~ (=1)? = /(=62 + (-2 = V36T 4 = V50 = 2/T0

(b) midpoint: (_2+4 3 (_1)) =(1,-2)

2 2

25. (a) y

(6,16)@

® d =/(0-67+ (8- 16)

(=6)2 4+ (=8)2 = /100 = 10

0+6 8+16
(c¢) Midpoint: (%, +T) =(3,12)

26. (a) y

(=2,5)e

1 (10,0)

® d = /(=210 + (5 - 0)?
(—12)2 + (5)2 = V169 = 13

-2410 540
(¢) Midpoint: ( + , L) = (4, %)

2 2
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27. (a) y 28. (a) y
a5
L1
o |1
0 5 X 1 X
(3-2) AR
) d =G - (=4 +(-2-5? ®) d =/(=1 = (=6) + (1 - (=3))?
=2+ (-7 =V +49 = /B =72 =52+ 42 = /a1
_ _ (=61 —341
(¢) Midpoint: ( 42~|— 3, 5_22) _ (_%, %) (¢) Midpoint: ( 75 ) = (—%, —1)
29. (a) y 30. (a) y
.(76, 2)
1 1 (5,0)
1 X 1 ¢+ x
6.2,
0.=6)¢
) d = /(6 (—6)7 + (=2 =22 = /122 + (—4)? ® d =/0=57%+ (=6 —-0)?
= V144116 = V160 = 410 — /52 + (=6)2 = /25736 = /61
_6 — (045 =640
() Midpoint: (6—26, 22+2) = (0,0) (¢) Midpoint: (T > ) =(3.-3)
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SECTION 1.1 The Coordinate Plane 61

31.d(A,B) = \/(1 -52+(3-3)?%= \/(—4)2 =4. 32. The area of a parallelogram is its base times its height.

Since two sides are parallel to the x-axis, we use the length

d(4,0)=\Ja =12+ G~ (=37 =/ =650
the areais 4 - 6 = 24.

of one of these as the base. Thus, the base is

d(A,B)y=vV/(1-52+2-2)2=/(—4)2 =4. The

Y height is the change in the y coordinates, thus, the height
is 6 — 2 = 4. So the area of the parallelogram is

A B base - height =4 -4 = 16.

1 4
c D
1 X
C D
A B
1 X

33. From the graph, the quadrilateral ABC D has a pair of 34. The point S must be located at (0, —4). To find the area,

parallel sides, so ABC D is a trapezoid. The area is we find the length of one side and square it. This gives
(%) h. From the graph we see that d(Q,R) = \/(_5 _ 0)2 +(- 6)2

by =d(A,B)=/(1-52+(0—02 =vV&Z =4 _ JCsr s
by=d(C,D)=/4-2%+(3 -3 =v2Z =2 and _ /BT5B =50

h is the difference in y-coordinates is |3 — 0] = 3. Thus 2
So the area is («/50) = 50.

442
the area of the trapezoid is (%) 3=0.
y

y

iI
S
=

35.d(0,4) = /(6= 0> + (71— 07 = V&2 + 72 = /36 + 80 = /5.
d(0,B) =/ (=5 =02 + (8 —0)> = /(-5 + 8 = VIS T 64 = /0.

Thus point A (6, 7) is closer to the origin.
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36.

37.

38.

39.

40.

41.

42.

CHAPTER 1 Equations and Graphs

d(E,C) = J(=6— (=22 + B = 1)> = /(=42 + 22 = /T6 T4 = V2O
d(E, D)= /3= (=2 + (0= )> = /52 + (-1)> = VB 1 = V2.

Thus point C is closer to point E.

d(P,R) = /(=1 =32 + (1 = 1)2 = /(=42 + (-2)> = VT6 T4 = V20 = 2,/5.

d(Q,R) = \/(—1 — (D)) 4+ (-1-3)2 = \/o + (=4)? = /16 = 4. Thus point Q (—1, 3) is closer to point R.

(a) The distance from (7, 3) to the origin is \/(7 —0)24+ (3 -0)2 =72 +32 = /4949 = /38. The distance from

(3, 7) to the origin is \/(3 - 0)2 + (7 - O)2 = /32 +72 = /9449 = /58. So the points are the same distance from

the origin.

(b) The distance from (a, b) to the origin is \/(a - O)2 + (b — 0)2 = Va2 + b2. The distance from (b, a) to the origin is

\/(b - 0)2 +(a — 0)2 = \/b2 +a?= \/a2 + b2. So the points are the same distance from the origin.

Since we do not know which pair are isosceles, we find the length of all three sides.

d(A.B) = (-3 =07 + (-1 -2 = /(=3 + (-3 = V9 F5 = VE =342
d(C.B) = (3= (<47 + (-1 =3 = /12 + (-4 = VTF 6 = V7.

d(A,C) = \/(o — (=42 +(2-3)?2= \/42 +(=1)2 = /16 + 1 = +/17. So sides AC and C B have the same length.

Since the side AB is parallel to the x-axis, we use this as the base in the formula area = % (base - height). The height is the

change in the y-coordinates. Thus, the base is |—2 — 4| = 6 and the height is [4 — 1| = 3. So the area is % (6-3)=09.

(a) Here we have A = (2,2), B=(3,—1),and C = (-3, —3). So
d(A,B) = \/(3 —2)2 4 (=1 -2)? =\/12+(—3)2 =J/T+9=/10;
d(C,B) = \/(3 —(=3)2 4 (=1 — (=3))? = V62 + 22 = /36 + 4 = /40 = 2,/10;
d(A,C) = \/(=3=22 + (=3-2% = \[(=5)> + (=5)> = VIS 25 = /50 = 51/2.
Since [d (A, B)]2 +[d (C, B)]2 =[d(A, C)]2, we conclude that the triangle is a right triangle.
(b) The area of the triangle is 4 - d (C, B) - d (A, B) = 4 - /10 -2/10 = 10.

\/(11—6)2+(—3—(—7))2 = V52442 = /25416 = /41,
d(A,C) = \/(2—6)2+(—2—(—7))2 = J02+52 = JI6+25 = 4,

d(B,C)= @112+ (=2 = (=3)%> = /(=9 + 12 = VBT T T = V&2.
Since [d (A, B)]2 +[d(A, C)]2 = [d (B, C)]z, we conclude that the triangle is a right triangle. The area is

L (var-var) = 4.

d (A, B)
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43.

44,

45.

46.

47.

SECTION 1.1 The Coordinate Plane 63

We show that all sides are the same length (its a thombus) and then show that the diagonals are equal. Here we have
A=(-2,9,B=4,6),C=(,0),and D = (-5, 3). So

d(A,B) = /(4= (=2)? + (6 -9 = /&2 + (=3 = V361 9 = Va5;

d(B.C) = (1 =92 +(0-6) = /(=32 + (—6)* = I+ 36 = /35

d(C.D)=\[(=5= 12+ G- 02 = /(=6)2 + (-3) = V36 19 = V45;

d(D, A) = \/(—2 —(=5)2 +© =3)2 = /32 + 62 = /T + 36 = +/45. So the points form a
thombus. Also d (4, C) = /(1 = (=2))2 + (0= 9) = /32 + (=9)? = VI T 8T = +/30 = 3/10,

and d (B, D) = \/ (-5-424+3-6)2= \/ (=9)2 4+ (=3)2 = /8T + 9 = /90 = 3+/10. Since the diagonals are equal,
the rhombus is a square.

d(A,B) = \/(3—(—1))2+(11—3)2 = V4248 = JI6+64 = /80 = 4.5
\/(5—3)2+(15—11)2 = V22442 = JA¥16 = V20 = 2.5
d(A,C):\/(5—(—l))2+(15—3)2=\/62+12 = /36 + 144 = /180 = 6/5. Sod (A, B)+d (B, C) = d (A, C),

and the points are collinear.

d(B,C)

Let P = (0, y) be such a point. Setting the distances equal we get
JO=52 4+ - =92 =J0-12+0-12 e

V255432 410y +25=/1+y2 =2y + 1= y2 410y + 50 = y2 — 2y + 2 < 12y = —48 < y = —4. Thus, the point
is P = (0, —4). Check:

JO=52 4 (=4 = (=5 = /(=52 + 12 = V35 F T = V26
JO=12 4+ (4—17 = (12 + (=57 = V1= V5.

143 046
The midpoint of AB is C’ = (%, %) = (2,3). So the length of the median CC’ is d (C,C’) =
148 042
\/(2 —8)2 + (3 — 2)2 = +/37. The midpoint of AC is B’ = (%, %) = (%, 1). So the length of the median BB’

2 J109 348 642
isd (B, B') = \/(g - 3) +(1=6) = *_—. The midpoint of BC is A’ = (L i) - (%,4). So the length

2 2
2 J145
of the median AA’ is d (4, A') = \/(% —1) +@-0? ==

As indicated by Example 3, we must find a point S (x1, y1) such that the midpoints y
of PR and of QS are the same. Thus

44(—1) 24 (-4 1 1
( +2( ), +§ )):(xl; ,ylz_ ).Settingthex—coordinatesequal, R

Q
4+ (-1 1
we get +§ ):Xlz‘ &4 —1=x1 + 1 x; = 2.Setting the ! 1//.
X
2 PI/

2+ (-4 1
y-coordinates equal, we get + (D _ + ©2-4=y+1y =-3.

Thus S = (2, —3).
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2
48. We solve the equation 6 =

CHAPTER 1 Equations and Graphs

+x

2
to find the x coordinate of B. This gives 6 = % & 12 =2+ x & x = 10. Likewise,

3
8=¥@16=3+y@y=13.Thus,B=(10,13).

247 —1+7
49. (a) v . (b) The midpoint of AC is ( 2+ , 2+ ) — (33) the midpoint
C(4+1 244 5
D f BD _, =(—,3).
o is ( 5 2 ) 5
/ B (¢) Since the they have the same midpoint, we conclude that the
1 x diagonals bisect each other.
A

50. We have M = (a+0 b+0) = (%,g . Thus,

51.

52.

53.

54.

5S.

d(A’M):\/ T 2

d(B,M)=\/(%—0)2+(§—b)2=\/(%)2+(—é)2= £+ﬁ=@.

d(C, M) =
a\2 | (b\* _ |a® B2 a2+ 2
() (5

2 4 4

(a) The point (5, 3) is shifted to (5 + 3,3 +2) = (8, 5).

(b) The point (a, b) is shifted to (a + 3, b + 2).

(c) Let (x, y) be the point that is shifted to (3, 4). Then (x + 3, y + 2) = (3, 4). Setting the x-coordinates equal, we get
x + 3 =3 o x = 0. Setting the y-coordinates equal, we get y + 2 = 4 < y = 2.So the point is (0, 2).

d A=(=5-1),50A"=(-5+3,-14+2)=(-2,1); B=(-3,2),s0 B =(-3+3,2+2)=(0,4);and C = (2, 1),
soC'=Q2+3,1+2)=(5,3).

(a) The point (3, 7) is reflected to the point (-3, 7).
(b) The point (a, b) is reflected to the point (—a, b).
(c) Since the point (—a, b) is the reflection of (a, b), the point (—4, —1) is the reflection of (4, —1).
d A=(3,3),504" =(=3,3); B=(6,1),50 B = (=6, 1); and C = (1, —4), so C' = (=1, —4).

(@) d(A,B) =32 +42=.25=5.
(b) We want the distances from C = (4, 2) to D = (11, 26). The walking distance is
[4 —11] 4|2 — 26] = 7 + 24 = 31 blocks. Straight-line distance is

\/ @ —11)2 + (2 - 26)2 = /72 + 242 = /625 = 25 blocks.

(c) The two points are on the same avenue or the same street.

3427 7417
-; R +T) = (15, 12), which is at the intersection of 15th Street and 12th Avenue.

(b) They each must walk [15 — 3| 4|12 — 7| = 124+ 5 = 17 blocks.

(a) The midpoint is at (

The midpoint of the line segment is (66, 45). The pressure experienced by an ocean diver at a depth of 66 feet is 45 Ib/in2.
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57.

SECTION 1.2 Graphs of Equations in Two Variables: Circles 65

2 2
We solve the equation 6 = X to find the x coordinate of B: 6 = % & 12 =24 x © x = 10. Likewise, for the y
. 3+y
coordinate of B, we have 8 = — =16 =3+ y < y = 13. Thus B = (10, 13).
We need to find a point S (x1, y1) such that P QRS is a parallelogram. As y

indicated by Example 3, this will be the case if the diagonals PR and QS bisect
each other. So the midpoints of PR and QS are the same. Thus

0+5 —3+3 2 2
L, + = u, nte . Setting the x-coordinates equal, we get g
2 2 2 2 1
0+5 2 >
szlj S0+5=x] +2&x =3. / '

2
-3+4+3 2 P
+ =y1;— o -34+3=y1+2&

Setting the y-coordinates equal, we get

y1 = —2. Thus § = (3, -2).

1.2 GRAPHS OF EQUATIONS IN TWO VARIABLES: CIRCLES

1.

If the point (2, 3) is on the graph of an equation in x and y, then the equation is satisfied when we replace x by 2 and y by 3.

We check whether 2 (3) 2 24+16 2 3. This is false, so the point (2, 3) is not on the graph of the equation 2y = x + 1.
To complete the table, we express y interms of x: 2y =x + 1 &y = % x+1D= %x + %

y
x y (x, )
2| -1 (—z,—%) 1:/
- 0| (~1,0) He2El
o 1] @) PR
1| an 1
2| 3| (23)

. To find the x-intercept(s) of the graph of an equation we set y equal to 0 in the equation and solve forx: 2(0) = x + | &

x = —1, so the x-intercept of 2y = x + 1 is —1.

. To find the y-intercept(s) of the graph of an equation we set x equal to O in the equation and solve for y: 2y = 0+ 1 &

y = %, so the y-intercept of 2y = x + 1 is %

. The graph of the equation (x — l)2 +(y— 2)2 = 9 is a circle with center (1, 2) and radius ~/9 = 3.

. (a) If a graph is symmetric with respect to the x-axis and (a, b) is on the graph, then (a, —b) is also on the graph.

(b) If a graph is symmetric with respect to the y-axis and (a, b) is on the graph, then (—a, b) is also on the graph.
(¢) If a graph is symmetric about the origin and (a, b) is on the graph, then (—a, —b) is also on the graph.

. (a) The x-intercepts are —3 and 3 and the y-intercepts are —1 and 2.

(b) The graph is symmetric about the y-axis.

. Yes, this is true. If for every point (x, y) on the graph, (—x, y) and (x, —y) are also on the graph, then (—x, —y) must be on

the graph as well, and so it is symmetric about the origin.

. No, this is not necessarily the case. For example, the graph of y = x is symmetric about the origin, but not about either axis.
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10. y =

11.

12.

13.

14.

15.

CHAPTER 1 Equations and Graphs

. y = 3 — 4x. For the point (0, 3): 3 2 3-4(0) <3 =3. Yes. For (4,0): 0 2 3-44) <=0 2 —13. No. For (1, —1):

123-4() o 12 1. Yes.
So the points (0, 3) and (1, —1) are on the graph of this equation.

VT =x. For the point (2, 1): 1 = VT =2 & 1 = «/=T. No. For (=3,2): 2 = JT=(=3) & 2 = /4. Yes. For (0, 1):
12 JT=0. Yes.

So the points (—3, 2) and (0, 1) are on the graph of this equation.

X =2y — 1 = 0. For the point (0,0): 0—2(0) — 1 =0 & —1 = 0. No. For (1,0): 1 —=2(0) = 1 =0 —1 41 = 0. Yes.
y p

For (=1, —1): (=1) = 2(=1) = 1 20 —1 42 — 1 = 0. Yes.
So the points (1, 0) and (—1, —1) are on the graph of this equation.

y <x2~|— 1) — 1. For the point (1, 1): (1) [(1)2 n 1] 21e1@) 2 1. No. For (1, %) (%) [(1)2 n 1] lieloil
Yes. For (—1, %) (%) [(—l)2 + 1] 2 = % 2) 2 1. Yes.

So the points (1, %) and (—1, %) are on the graph of this equation.

x2 4 2xy + 2 = 1. For the point (0, 1): 02 +2(0) (1) + 12 = 1 & 1 = 1. Yes. For 2, —1): 22 +2(2) (=) + (=1)2 = 1

Gd—4+1211=1 Yes. For (=2,3): (=22 +2(=2) 3+ 3% 2 1@4—-124+92 1 & 1 = 1. Yes.
So the points (0, 1), (2, —1), and (—2, 3) are on the graph of this equation.

0,1): (02 +(1)2—1200+1—1=0. Yes.
(\%%) (ﬁ)z-l—(\%)z—l;0®%+%—1;0.Yes.
(£ () () -1 2o

3,1
4 4
So the points (0, 1), (\/LE’ %), and (%, %) are on the graph of this equation.

+ —1—0 Yes.

(5]

y=3x 16. y = —2x
y y
x y X y
=31 -9 -3 6
21 —6 -2 4
-1 1 -3 1 -1 2 {
o] o ! ! o] o ! *
1 3 1 -2
2 6 21 —4
3 9 3| -6
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SECTION 1.2 Graphs of Equations in Two Variables: Circles

17. y=2—x 18.y =2x+3
y y
x |y x y
—4 6 41 -5
-2 4 21 -1
2 1 0 3
0 ! ! 2| 7 !
—2 41 11 1
19. Solve for y: 2x —y =6 <y =2x — 6. 20. Solve forx: x —4y =8 < x =4y +8.
y y
X y X y
2| -10 —4 | =3 !
o -6 ! -2 | -3 i
2| -2 ‘ * 0| —2
4 2 | -3
6| 6 4| -1 /
0| -4
8 0
]| 4
2. y=1—x2 2.y =x2+2
y y
x |y x |y
-3 -8 -3 | 11
21 -3 -2 6
1l o N -1] 3 !
0 1 x 0 2 1
1 0 1 3
21 -3 2 6
3| -8 11
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23. y=x2-2 24.y=—-x2+4
y y
X y X y
-3 31 -5
-2 -2 0 .
! -1 3
01 -2 of 4
1
1| -1 i - 1 3
X
2 2 0
3 7 31 -5
25. 9y = x2. To make a table, we rewrite the equation as 26.4y = —x2.
y= %xz. y
X y
Y —4 | -4
X
-2 | -1
-9
0 0 1
=311
—1
010
4 | —4
1
919
1
2 X
27.x+y2=4. 28.xy=2y=—.
y
X y J
X y
—12 | —4 N
=51 -3 \ N
= R | L |
3| -1 % : :
-5 | —4
4 0 / 1
-1 | -8
3 1 1
i 8
0 2 1
3 4
-5 3 | )
—12 4 ) |
1
41 2
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29, y = /x.

S| =

— |

o | B

Aww&lv—‘wl—o%

31. y = —/9 — x2. Since the radicand (the expression inside

the square root) cannot be negative, we must have

9—x2>0ox2<9a|x| <3

x y
-3 0
2| =5
-1 | =22

0| -3
1| —2v2
2| =5
3 0
33. y=—|x|.
x |y
-6 | -6
—4 | -4
2| =
ol o
2| =2
4| -4
6| —6

SECTION 1.2 Graphs of Equations in Two Variables: Circles

30.y =2+ /x.

O ||| —=|O| =
[\*)
+
S

32.y =9 —x2.

69

Since the radicand (the expression inside the square root)

cannot be negative, we must have 9 — x2 >0 x2 <9

o x| < 3.
x y
3] 0
2| 5
-1 | 242
0| 3
1| 2v2
2| 35
31 0

34. x = |y|. In the table below, we insert values of y and find

the corresponding value of x.

X y
3 -3
2| -2
1] -1
0 0
1 1
2 2
3 3
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35. y=4—|x|. 36.y =14 —x|.
y y
X y x y
-6 -2 -6 | 10
—4 0 —4 8
-2 2 1 -2 6
0| 4 : ; 0| 4
2 2 2 2 1
4 0 4 0 1
6 -2 6 2
8 4
10 6
37. x = y3‘ Since x = y3 is solved for x in terms of y, we 38.y = -1
insert values for y and find the corresponding values of x
in the table below. * Y
-3 | —28
1y ’ 2| -9
-27 | -3 i
-8 -2 0 -1
-1 1 -1 1 1 1
0 0 1 x 2 7
1 1 3 26
8 2
27
39. y =x*. 40.y = 16 — x*.
y
X y x y
=3 | 81 -3 | —65
-2 | 16 -2 0
-1 | 3 —1 15
0| o 1 ' 0| 16
1 1 1 15
2|16 2 0
3] 81 3] =65
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41.

43.

45.

47.

48.

49.

50.

51.

SECTION 1.2 Graphs of Equations in Two Variables: Circles Al

y = 0.01x3 — x% + 5; [-100, 150] by [—2000, 2000] 42.y = 0.03x2 + 1.7x — 3; [—100, 50] by [—50, 100]

2000 T 100 T
1000 +
] 50 +
f f {
-100 50 0 150 , , , , ,
I N T N 1
-100 \50\/ 50
-b000 - -50 +

y =4/12x — 17; [—1, 10] by [—1, 20] 4.y = \4/ 256 — x2; [—20, 20] by [—2, 6]

20T

20
0
y= L; [—50, 50] by [—-0.2, 0.2] 46. y = x* — 4x3; [—4, 6] by [-50, 100]
x2+25
02 100 T
0.1 50+
-4 20 40 P L —
n -4 2 1 \_/1 6
-50 —
-0.2
y = x + 6. To find x-intercepts, set y = 0. This gives 0 = x + 6 & x = —6, so the x-intercept is —6.

To find y-intercepts, set x = 0. This gives y = 0+ 6 & y = 6, so the y-intercept is 6.
2x — 5y = 40. To find x-intercepts, set y = 0. This gives 2x — 5 (0) = 40 < 2x = 40 < x = 20, and the x-intercept is 20.
To find y-intercepts, set x = 0. This gives 2 (0) — 5y = 40 & y = —8, so the y-intercept is —8.

y = x2 —5. To find x-intercepts, set y = 0. This gives 0 = 2 —5ox2=5=x==+550the x-intercepts are £+/5.
To find y-intercepts, set x = 0. This gives y = 02 —5=—5,s0the y-intercept is —5.

y2 =9 — x2. To find x-intercepts, set y = 0. This gives 02=9—-x2ex2=9=x =43, so0the x-intercepts are 3.
To find y-intercepts, set x = 0. This gives y2 =9-02=9c y = =£3, so the y-intercepts are £3.

1
y —2xy + 2x = 1. To find x-intercepts, set y = 0. This gives0 —2x () +2x =1 o 2x =1 x = 7 so the x-intercept
is %
To find y-intercepts, set x = 0. This gives y —2(0) y +2(0) = 1 & y = 1, so the y-intercept is 1.
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52.

53.

54.

55S.

56.

57.

58.

59.

60.

61.

CHAPTER 1 Equations and Graphs

xZ— xy +y = 1. To find x-intercepts, set y = 0. This gives x2—x O+0) =1 x2=1=x = =1, sothe x-intercepts
are —1 and 1.
To find y-intercepts, set x = 0. This gives y = (0)2 — (0)y + y = 1 <& y = 1, so the y-intercept is 1.

y = +/x + 1. To find x-intercepts, set y = 0. This gives 0 = /x + 1 & 0 = x + 1 & x = —1, so the x-intercept is —1.
To find y-intercepts, set x = 0. This gives y = /0 + 1 & y = 1, so the y-intercept is 1.

xy = 5. To find x-intercepts, set y = 0. This gives x (0) = 5 < 0 = 5, which is impossible, so there is no x-intercept.
To find y-intercepts, set x = 0. This gives (0) y = 5 < 0 = 5, which is again impossible, so there is no y-intercept.

4x2 425y = 100. To find x-intercepts, set y = 0. This gives 4xZ + 25 (0)2 = 100 < x2 = 25 < x = %5, so the
x-intercepts are —5 and 5.

To find y-intercepts, set x = 0. This gives 4 (0)2 + 25y2 =100 & y2 =4 & y = £2, so the y-intercepts are —2 and 2.

25x2 — y2 = 100. To find x-intercepts, set y = 0. This gives 25x2 — 02 = 100 @ x2 =4 & x = +2, s0 the x-intercepts
are —2 and 2.

To find y-intercepts, set x = 0. This gives 25 (0)2 - y2 =100 & y2 = —100, which has no solution, so there is no
y-intercept.

y =4x — x2. To find x-intercepts, set y = 0. This gives 0 = 4x — Pe0=x@4- x) & 0 =xorx =4, sothe
x-intercepts are 0 and 4.

To find y-intercepts, set x = 0. This gives y = 4 (0) — 0? o y = 0, so the y-intercept is 0.

x2 y2 x2 02 x2
) + T 1. To find x-intercepts, set y = 0. This gives 5 + 7= le 5= 1o x2 =9 x =43, 50 the
x-intercepts are —3 and 3.
. 02?2 y? 2 .
To find y-intercepts, set x = 0. This gives O} + T= le T 1 & y° =4 & x = £2, so the y-intercepts are —2 and 2.

x* + y2 — xy = 16. To find x-intercepts, set y = 0. This gives x* + 02 — x (0) = 16 & x* = 16 & x = +2. So the
x-intercepts are —2 and 2.

To find y-intercepts, set x = 0. This gives 0* + y2 —0)y=16o y2 = 16 & y = %4. So the y-intercepts are —4 and 4.

x2 +y3 — x2y2 = 64. To find x-intercepts, set y = 0. This gives x2 + 03 — x2 (0)2 = 64 < x2 = 64 < x = £8. So the
x-intercepts are —8 and 8.

To find y-intercepts, set x = 0. This gives 0% + y3 — (0)2 y2 =d o y3 = 64 & y = 4. So the y-intercept is 4.

(a) y= %3 —x2; [—2,2] by [—1, 1] (b) From the graph, it appears that the x-intercepts are 0
and 1 and the y-intercept is O.

10T

T (¢) To find x-intercepts, set y = 0. This gives

05T 0=x3-x2ex2(x—1)=0ox=0o0r1. So
| , : , | the x-intercepts are O and 1.

2 -1 1 1 2 To find y-intercepts, set x = 0. This gives

05 " y =03 — 02 = 0. So the y-intercept is 0.
-1.0 —
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62. (a) y = x* —2x3;[—2,3] by [-3, 3]

3

-2 -1
-1
2+
3+

65. (a) y = %; [-5,5] by [-2,2]

5
1+
— : :
) - 2 4
1+
2L
2
1
F—+—+ } }
4 2 2 4

SECTION 1.2 Graphs of Equations in Two Variables: Circles 73

(b) From the graph, it appears that the x-intercepts are O
and 2 and the y-intercept is O.

(¢) To find x-intercepts, set y = 0. This gives
0=x*-23ex*(x-2)=0sx=0o0r2. So
the x-intercepts are O and 2.

To find y-intercepts, set x = 0. This gives

y = 0% —2(0)? = 0. So the y-intercept is 0.

(b) From the graph, it appears that there is no x-intercept
and the y-intercept is —2.

(c) To find x-intercepts, set y = 0. This gives

2
0= - which has no solution. So there is no
xc+1

x-intercept.
To find y-intercepts, set x = 0. This gives
2

_02——}—1 = —2. So the y-intercept is —2.

y:

(b) From the graph, it appears that the x- and

y-intercepts are 0.

(c) To find x-intercepts, set y = 0. This gives

0= 2x & x = 0. So the x-intercept is 0.
xc 41
To find y-intercepts, set x = 0. This gives
0

y= = 0. So the y-intercept is 0.

0241

(b) From the graph, it appears that and the x- and

y-intercepts are 0.
(¢) To find x-intercepts, set y = 0. This gives 0 = .J/x

& x = 0. So the x-intercept is 0.

To find y-intercepts, set x = 0. This gives

y = +/0 = 0. So the y-intercept is 0.

College Algebra 7th edition Stewart Solutions Manual


https://ravanbooks.com/books/9781305115545-solutions

74 CHAPTER 1 Equations and Graphs

66. (a) y = \3/ 1 —x2;[-5,5] by [-5, 3] (b) From the graph, it appears that the x-intercepts are
—1 and 1 and the y-intercept is 1.

27T (¢) To find x-intercepts, set y = 0. This gives

0=vl—-x2c1—-x2=0c x =+1. So the

x-intercepts are —1 and 1.

To find y-intercepts, set x = 0. This gives
y= J1 =02 = 1. So the y-intercept is 1.

67. x2 + y2 = 9 has center (0, 0) and radius 3. 68. x2 + y2 = 5 has center (0, 0) and radius /3.

y y

[N a
N

Eaieie
N i

69. (x — 3)2 + y2 = 16 has center (3, 0) and radius 4. 70. x2 + (y— 2)2 = 4 has center (0, 2) and radius 2.

y y

1\/ X | x

71. (x 4 3)% + (y — 4)% = 25 has center (—3, 4) and radius 5. 72. (x 4+ 1) 4 (y +2)? = 36 has center (—1, —2) and

y radius 6.

| I\
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73.
74.
75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

SECTION 1.2 Graphs of Equations in Two Variables: Circles 75

Usingh = =3,k =2,andr =5, we get (x — (=3))2 + (y —2)2 =52 & (x + 3)2 + (y — 2)2 = 25.

Usingh =—1,k=—-3,andr =3, weget (x — (=1))2 + (y — (=3))2 =32 & (x + D2+ (y +3)2 =0.

The equation of a circle centered at the origin is X2+ y2 =r2 Using the point (4, 7) we solve for r2. This gives
(4)2 + (7)2 =r2 < 16449 = 65 = r2. Thus, the equation of the circle is x2 4+ y2 =65.

Using 7 = —1 and k = 5, we get (x — (=1)2 + (y = 5)2 = r2 & (x + )2 + (y — 5)% = r2. Next, using the point
(—4, —6), we solve for r2. This gives (—4 + 1)2 + (=6 — 5)2 = r?2 & 130 = r2. Thus, an equation of the circle is
(x + 1%+ (y — 5% = 130.

—1+5 149
+ L) = (2, 5). The radius is one half the diameter,

The center is at the midpoint of the line segment, which is ( )

sor = %\/(—1 —524+(1-92%= % 36 + 64 = 14/100 = 5. Thus, an equation of the circle is (x — 2)2+(y — 5)% = 52
o (x =22+ (y—572%=25.

-14+7 34+-5
272

The center is at the midpoint of the line segment, which is ( ) = (3, —1). The radius is one half the

diameter, so r = %\/(—1 — 7%+ (3 — (=5))2 = 44/2. Thus, an equation of the circle is (x — 32+ (y+1)2 =32

Since the circle is tangent to the x-axis, it must contain the point (7, 0), so the radius is the change in the y-coordinates.
That is, = |—3 — 0| = 3. So the equation of the circle is (x — 7)2 + (y — (=3))% = 32, whichis (x — 7)2 4+ (y +3)2 = 9.
Since the circle with » = 5 lies in the first quadrant and is tangent to both the x-axis and the y-axis, the center of the circle
is at (5, 5). Therefore, the equation of the circle is (x — 5)% + (y — 5)% = 25.

From the figure, the center of the circle is at (—2, 2). The radius is the change in the y-coordinates, so r = |2 — 0] = 2.
Thus the equation of the circle is (x — (—=2))% + (y — 2)2 = 22, whichis (x +2)% + (y — 2)2 = 4.

From the figure, the center of the circle is at (—1, 1). The radius is the distance from the center to the point (2, 0). Thus

r= \/(—1 —2)2 4+ (1 -0)2 =9+ 1 = V10, and the equation of the circle is (x + 1)2 + (y — 1)2 = 10.

2 2 2 2
Completing the square gives x2 +y2 —2x+4y+1= 0= xZ—2x+ (_72) + y2 +4y + (%) =—14+ (_72) + (%)

ox2—2x4+ 14y +4y+4=—-1+1+4 (x — )%+ (y + 2)2 = 4. Thus, the center is (1, —2), and the radius is 2.
Completing the square gives x4y —2x— 2y =2& x2—2x + (_72)2 +y2 — 2y + (_72)2 =2+ (_72)2 + (_72)2
ox2—2x+14+y2—2y+1=2+1+1e (x — 1)+ (y — 1)2 = 4. Thus, the center is (1, 1), and the radius is 2.

Completing the square gives x> +y? —4x + 10y +13 = 0 & x> —4x + (_74)2+y2+10y+ (%)2 = —13+(%)2+ (%)2

X2 —4x+44+y2 410y +25=-13+4+25 (x =22+ (y +5)% = 16.
Thus, the center is (2, —5), and the radius is 4.

- e 242 2. 2 6)> 6\ o 2., .2
Completing the square gives x“ +y“+6y+2 =0 x"+y +6y+(§) =—2+(7) Sx +y +6y+9=-2+9
x4 (y+ 3)2 = 7. Thus, the circle has center (0, —3) and radius +/7.

2 2
Completing the square gives Py rx=0oxr4+x+ (%) +y2 = (%) oxX4x+ % +y2 = % =
1\, 21 ~ | .
(x + 7) +y =73 Thus, the circle has center (—7, 0) and radius 5

2 2 2
Completingthesquaregivesx2+y2+2x+y+1=0(:)x2+2x+(%) +y2+y+(%) =—1+1+(%) =

2
x24+2x+1 —|—y2 +y+ % = % S (x+ 1)2 + (y + %) = %. Thus, the circle has center (—1, —%) and radius %

College Algebra 7th edition Stewart Solutions Manual


https://ravanbooks.com/books/9781305115545-solutions

76 CHAPTER 1 Equations and Graphs

2 2 2 2

89. Completingthesquaregivesx2+y2—%x+%y:%@xz—%x+(#) +y2+%y+(%) = %+(#) +(%)
2 2

<:>x2—%x+%+y2+%y+16:%+%+1—16:%:%<:>(x—%) +(y+% :%.Thus,thecirclehascenter

(%, —%) and radius %

2 2 2 2
90. Completingthesquaregivesxz—{—yz—{—%x+2y—}—11—6 =0@x2+%x+(12£) +y2+2y+(%) =—%+(122) —|—(%)

2
= (x + %) + O+ 1)2 = 1. Thus, the circle has center (—%, —1) and radius 1.
91. Completing the square gives X2+ y2 +4x — 10y =21 & 92, First divide by 4, then complete the square. This gives
2 2 2 2 2 — 2 2 1. _ 2 1
24 dx + (%) +y2 10y+(—TH)) :21+(%) + x4+ 4y +2x =0 x  +y +3x =0 x" + 5x+

(_Tm)zm(mz)%r(y—s)z=21+4+25=50. —+y2:0‘:”‘2+%x+(¥)2+y2:(%)2‘:’

2
Thus, the circle has center (—2, 5) and radius +/50 = 5+/2. (x + %) +y2 = % Thus, the circle has center (—%, 0)

4 and radius %

0

93. Completing the square gives x24y246x—12y+45=0 94.x2+y2 —16x+ 12y +200 =0

& (x+3)2 + (y — 6)2 = =45+ 9 4 36 = 0. Thus, the x2 = 16x + (—_16)2 +y2 4+ 12y + (2)2
center is (—3, 6), and the radius is 0. This is a degenerate 2 2
circle whose graph consists only of the point (—3, 6). = —200 + (—716)2 + (%)2 P
i 2 (x —8)2 4 (y + 6)2 = —200 + 64 + 36 = —100. Since
completing the square gives r2 = —100, this is not the

equation of a circle. There is no graph.

95. x-axis symmetry: (—y) = *rile y= —x* — x2, which is not the same as y= x* + x2, 5o the graph is not symmetric

with respect to the x-axis.
y-axis symmetry: y = (—x)4 + (—)c)2 =x*+x2, so the graph is symmetric with respect to the y-axis.
Origin symmetry: (—y) = (—x)* + (—x)? & —y = x* + x2, which is not the same as y = x* + x2, so the graph is not
symmetric with respect to the origin.

96. x-axis symmetry: x = (— y)4 - (- y)2 = y4 — y2, so the graph is symmetric with respect to the x-axis.
y-axis symmetry: (—x) = y* — y2, which is not the same as x = y* — y2, so the graph is not symmetric with respect to the
y-axis.
Origin symmetry: (—x) = (—y)* — (—y)? & —x = y* — y2, which is not the same as x = y* — y2, so the graph is not
symmetric with respect to the origin.
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97.

98.

99.

SECTION 1.2 Graphs of Equations in Two Variables: Circles 77

x-axis symmetry: (—y) = B 4lx e y = —x3 — 10x, which is not the same as y = x3 + 10x, so the graph is not
symmetric with respect to the x-axis.

y-axis symmetry: y = (—x)3 +10(—x) oy = —x3 — 10x, which is not the same as y = x3 + 10x, so the graph is not
symmetric with respect to the y-axis.

Origin symmetry: (—y) = (—x)3 +10 (—=x) & —y = —x3 — 10x & y = x> + 10x, so the graph is symmetric with respect
to the origin.

x-axis symmetry: (—y) = 2+ y = —x2 —|x|, which is not the same as y= x2 + |x], so the graph is not symmetric
with respect to the x-axis.

y-axis symmetry: y = (=x)? + |-x| & y = x2 + |x], so the graph is symmetric with respect to the y-axis. Note that
|—x| = |x|.

Origin symmetry: (—y) = (—x)2 +|-xle—-y= 24 xle y= —x2 — |x|, which is not the same as y = x2 + |x], so
the graph is not symmetric with respect to the origin.

Xx-axis symmetry: x* (—y)4 + x2 (—y)2 =le x4y4 + xzy2 = 1, so the graph is symmetric with respect to the x-axis.
y-axis symmetry: (—x)4 y4 + (—x)2 y2 =le x4y4+ x2y2 = 1, so the graph is symmetric with respect to the y-axis.
Origin symmetry: (—x)4 (—y)4 + (—x)2 (—y)2 =l x4y4 + xzy2 = 1, so the graph is symmetric with respect to the

origin.

100. x-axis symmetry: x2 (—y)2 +x(-y)=1e x2y2 — xy = 1, which is not the same as xzy2 + xy = 1, so the graph is not

symmetric with respect to the x-axis.
y-axis symmetry: (—x)2 y2 +(=x)y=1e x2y2 — xy = 1, which is not the same as x2y2 + xy = 1, so the graph is not
symmetric with respect to the y-axis.

Origin symmetry: (—x)2 (—y)2 +(x)(-y=1e x2y2 + xy = 1, so the graph is symmetric with respect to the origin.

101. Symmetric with respect to the y-axis. 102. Symmetric with respect to the x-axis.
y y
0 X
0 X
103. Symmetric with respect to the origin. 104. Symmetric with respect to the origin.
y y
0 x
0 X
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105. {(x, Px2 42 < 1}. This is the set of points inside

107. Completing the square gives x2 4 y2 —4y—-12=0

109.

110.

CHAPTER 1 Equations and Graphs

106. {(x, ¥) | X2+ y2 > 4}. This is the set of points outside

(and on) the circle x2 + y2 =1. the circle x2 + y2 =4.

y y

108. This is the top quarter of the circle of radius 3. Thus, the

—4\? —4\? is + (9m) = 2&.
- x2+y2—4y+(7) :12+(7) o area is 7 (9m) = 7
y
x2 + (y —2)% = 16. Thus, the center is (0, 2), and the | - 34
s
radius is 4. So the circle x2 + y2 = 4, with center (0, 0) M §Ld
N\
and radius 2, sits completely inside the larger circle. Thus, TR
/
the area is 742 — w22 = 167 — 4w = 127 | 1
\ 3 X
\ ,

(a) The point (5, 3) is shifted to (5 + 3,3 +2) = (8, 5).

(b) The point (a, b) is shifted to (a + 3, b + 2).

(c) Let (x, y) be the point that is shifted to (3, 4). Then (x + 3, y + 2) = (3, 4). Setting the x-coordinates equal, we get
x +3 =3 < x = 0. Setting the y-coordinates equal, we get y + 2 = 4 & y = 2.So the point is (0, 2).

d A= (=5-1),s0A" =(=5+3,-1+2)=(=2,1); B=(-3,2),s0 B’ = (=3+3,2+2) = (0,4);and C = (2, 1),
soC'=2+3,14+2)=(5,3).

(a) Symmetric about the x-axis. (b) Symmetric about the y-axis. (c) Symmetric about the origin.

111. (a) In 1980 inflation was 14%; in 1990, it was 6%; in 1999, it was 2%.

(b) Inflation exceeded 6% from 1975 to 1976 and from 1978 to 1982.

(c) Between 1980 and 1985 the inflation rate generally decreased. Between 1987 and 1992 the inflation rate generally
increased.

(d) The highest rate was about 14% in 1980. The lowest was about 1% in 2002.

112. (a) Closest: 2 Mm. Farthest: 8 Mm.
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—3)2 _1)2 a2
(b) Wheny:Zwehave(x—3)+ 1<:>(x—3) OC—3)
25 16 25 25

r00t0fb0ths1deswegetx—3—:I:,/ :i:s‘/— x—3:|:5‘/— Sox =3—

(x=3)2= E. Taking the square

-N'—
W -Jklm

=4
33~ —1330rx =3+ 3 ~7.33.

The distance from (—1.33, 2) to the center (0, 0) isd = \/(—1.33 - O)2 +@2- 0)2 = 4/5.7689 =~ 2.40. The distance

from (7.33, 2) to the center (0, 0) isd = \/(7.33 - 0)2 + (2 = 0)2 = /57.7307 ~ 7.60.

i ves x2 1 2 2 a2 | 5 b\? a2 (b\?

113. Completing the square gives x + y“ +ax + by +c =0 x“ +ax + (5) +y“+by+ 5) = —c+ (E) + 3
2 b 2 2 b2 2 b2

= (x + %) + (y + 5) =—c+ a : . This equation represents a circle only when —c + a4 : > 0. This

a® +b? . . a’ +b?
= 0, and this equation represents the empty set when —c + 1

equation represents a point when —c + <0.

b2
a? + 2 4+ b2 —4ac.

b
When the equation represents a circle, the center is ( 3 2) and the radius is / —c + = %

114. (@ () (x —2)2 + (y = 1) = 9, the center is at (2, 1), and the radius is 3. (x — 6)% +
(y— 4)2 = 16, the center is at (6, 4), and the radius is 4. The distance between centers is
\/(2 —6)2+(1- 4)2 = \/(—4)2 +(=3)2 = /16 +9 = /25 = 5. Since 5 < 3 + 4, these circles intersect.

(i) x2 + (y —2)% = 4, the center is at (0, 2), and the radius is 2. (x —5)% + (y — 14)2 = 9,
the center is at (5, 14), and the radius is 3. The distance between centers is

\/(0 52 +2-14)2 = \/( 52+ (=12)2 = 25+ 144 = /169 = 13. Since 13 > 2 + 3,

these circles do not intersect.

(iii) (x — 3)2+(y + 1)2 = 1, the center is at (3, —1), and the radius is 1. (x — 2)2+(y - 2)2 = 25, the centeris at (2, 2),
and the radius is 5. The distance between centers is \/(3 —2)2 4+ (-1-— 2)2 = \/12 —+ (—3)2 =+J14+9=4+10.
Since +/10 < 1 + 5, these circles intersect.

(b) If the distance d between the centers of the circles is greater than the sum r; + r; of their radii, then the circles do
not intersect, as shown in the first diagram. If d = r| + o, then the circles intersect at a single point, as shown in the
second diagram. If d < r{ + rp, then the circles intersect at two points, as shown in the third diagram.

o) @

Casel d>ri+nr Case2 d=ri+nr Case3 d <rj+nr

1.3 LINES

1. We find the “steepness” or slope of a line passing through two points by dividing the difference in the y-coordinates of these

5—-1
points by the difference in the x-coordinates. So the line passing through the points (0, 1) and (2, 5) has slope o 2.

2. (a) The line with equation y = 3x + 2 has slope 3.
(b) Any line parallel to this line has slope 3.
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. . .. 1
(c) Any line perpendicular to this line has slope —3.

3. The point-slope form of the equation of the line with slope 3 passing through the point (1,2)is y —2 =3 (x — 1).

. For the linear equation 2x + 3y — 12 = 0, the x-intercept is 6 and the y-intercept is 4. The equation in slope-intercept form

isy= —%x + 4. The slope of the graph of this equation is —%.

. The slope of a horizontal line is 0. The equation of the horizontal line passing through (2, 3) is y = 3.

6. The slope of a vertical line is undefined. The equation of the vertical line passing through (2, 3) is x = 2.

7. (a) Yes, the graph of y = —3 is a horizontal line 3 units below the x-axis.

(b) Yes, the graph of x = —3 is a vertical line 3 units to the left of the y-axis.
(¢) No, aline perpendicular to a horizontal line is vertical and has undefined slope.

(d) Yes, a line perpendicular to a vertical line is horizontal and has slope 0.

8. y Yes, the graphs of y = —3 and x = —3 are perpendicular lines.
5
x=-3
0 35 X
y=-3
oy __0-2 -2 _, Woomo2=y_=-1=0_-1_ 1
x2—x; 0—=(=1 1 Xy — X| 3—-0 3 3
— —1—-(=2 1 - —2—1 -
1om=22201 (2 _1 2om=22"2 _ 3.3
Xy — x| 7-2 5 xp—x1  3—(-5) 8 8
Bom=2N_474_, om0 _-1-3 -4 4
xp—x;p 0-=5 X3 — X1 1-4 -3 3
- —5—(=-2 -3 3 — —2—(=2
15, mo2Z 220D 33 foom=2"0_2-C2_
Xo — X1 6—10 —4 4 X2 — X1 6-—3
- 2-0
17. For ¢, we find two points, (—1, 2) and (0, 0) that lie on the line. Thus the slope of £ ism = 270 =-2.

18.

Xp — X —-1-0
y—y1 _3-2

For ¢, we find two points (0, 2) and (2, 3). Thus, the slope of {5 is m = =
xy—x1 2-0

= % For {3 we find the points

- 1— (=2
(2, —2) and (3, 1). Thus, the slope of £3 is m = 2221 — . ( — ) _ 3. For £, we find the points (=2, —1) and
X2 — X1 -
- 2-(=1) -1 1
(2, —2). Thus, the slope of £4 is m = )y; — )}: = 7 ((_2)) = e = ~7

(a) y m=2 (b) y m=3

m=0

m=-1
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19.

20.

21.

22,

23.
24.
25.
26.
27.

28.

29.

30.

31.

32.

33.

34.

35.
36.
37.
38.
39.

40.

SECTION 1.3 Lines 81

0—-4
First we find two points (0, 4) and (4, 0) that lie on the line. So the slope is m = —0°- —1. Since the y-intercept is 4,
the equation of the lineisy =mx +b=—-1x+4.Soy=—x+4,orx+y—4=0.
-4

We find two points on the graph, (0, 4) and (-2, 0). So the slope is m = = 2. Since the y-intercept is 4, the

equation of the lineisy =mx +b =2x+4,so0y=2x+42x —y+4=0.

0—(-3
We choose the two intercepts as points, (0, —3) and (2, 0). So the slope is m = 2—(0) = % Since the y-intercept is —3,
the equation of the lineis y = mx + b = %x —3,0or3x —2y—-6=0.
0—(—4
We choose the two intercepts, (0, —4) and (—3, 0). So the slope is m = % = —%. Since the y-intercept is —4, the

equationofthelineisy=mx+b=—%x—4(:)4x+3y+12=0.

Using y =mx + b, wehave y =3x + (=2)or3x —y —2 =0.

Using y = mx + b, we have y = 2x +4 & 2x — 5y +20 = 0.

Using the equation y — y; = m (x —xq),wegety —3=5x-2) -Sx+y=-T5x—y—-7=0.

Using the equation y — y; =m (x —x1),wegety —4=—-1(x - (-2)eoy—-4=—x-2ox+y—-2=0.

Using the equation y — y; = m(x —x1), wegety —7 = %(x—l)@3y—21 = -2-2x+3y=19<
2x =3y +19=0.

Using the equation y — y; = m x—xl),wegety—(—S)z—% x—(F3))e2y+10=-Tx-21=7x+2y+31=0.
270 _ E = i = —5. Substituting into y — y; = m (x — x1), we get
X2 — X1 1-2 -1
y—6=-5x-1)ey—-6=-5x+5=5x+y—-11=0.

— 3—(-2
First we find the slope, which is m = 270 (=2) = % = 1. Substituting into y — y; = m (x — x1), we get
xp—x;  4=(=D

y=3=1x—-4)eoy-3=x—-4ox—y—-1=0.

First we find the slope, which is m =

2=y __—3-5 _ -8
X2 — X1 —1-(-2) 1
intoy—y;=m@x —xy),wegety—5=-8[x—(-2)]oy=—-8x—1lor8x+y+11=0.

2 =1 7=17

We are given two points, (1,7) and (4,7). Thus, the slope is m = =1-1= 0. Substituting into
X2 =X -

We are given two points, (—2, 5) and (—1, —3). Thus, the slope is m =

= —8&. Substituting

y—yj=m@x—x1),wegety—T7=0x—-1)ooy=T0ory—7=0.

— -3-0 -3
We are given two points, (1, 0) and (0, —3). Thus, the slope is m = 27 o1 o 3. Using the y-intercept,
X7 — X1 - -

wehave y =3x 4+ (=3)ory=3x —3o0r3x —y -3 =0.
2=y _ _6-0
xy—x1  0—(=8)

We are given two points, (—8, 0) and (0, 6). Thus, the slope is m = = % = % Using the y-intercept

we have y = 3x + 6 & 3x — 4y +24 = 0.

Since the equation of a line with slope 0 passing through (a, b) is y = b, the equation of this line is y = 3.

Since the equation of a line with undefined slope passing through (a, b) is x = a, the equation of this line is x = —1.

Since the equation of a line with undefined slope passing through (a, b) is x = a, the equation of this line is x = 2.

Since the equation of a line with slope 0 passing through (a, b) is y = b, the equation of this line is y = 1.

Any line parallel to y = 3x — 5 has slope 3. The desired line passes through (1, 2), so substituting into y — y; = m (x — x1),
wegety —2=3(x—-1)oy=3x—1lor3x—y—1=0.

1
Any line perpendicular to y = —%x + 7 has slope —1—/2 = 2. The desired line passes through (—3, 2), so substituting

intoy—y;=m@x—xy),wegety —2=2[x—(-3)]oy=2x+8o0r2x —y+8=0.
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42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
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Since the equation of a horizontal line passing through (a, b) is y = b, the equation of the horizontal line passing through
4,5)isy =5.

Any line parallel to the y-axis has undefined slope and an equation of the form x = a. Since the graph of the line passes
through the point (4, 5), the equation of the line is x = 4.

Sincex +2y =62y =—x+6y = —%x + 3, the slope of this line is —%. Thus, the line we seek is given by
y=(6)=-3Gx-De2y+l2=—x+1ex+2y+11=0.

Since 2x +3y +4 =03y = —2x —4 & y = —3x — %, the slope of this line is m = —3. Substituting m = —3% and

b = 6 into the slope-intercept formula, the line we seek is given by y = —%x +652x+4+3y—18=0.
Any line parallel to x = 5 has undefined slope and an equation of the form x = a. Thus, an equation of the line is x = —1.

Any line perpendicular to y = 1 has undefined slope and an equation of the form x = a. Since the graph of the line passes
through the point (2, 6), an equation of the line is x = 2.

First find the slope of 2x + Sy + 8 = 0. This gives 2x + 5y +8 =0 Sy = —2x —8 & y = —2x — §. So the

slope of the line that is perpendicular to 2x + 5y +8 = 0ism = _T/S = % The equation of the line we seek is

y—(—2):%(x—(—1))<:>2y+4:5x+5<:>5x—2y+1:O.

First find the slope of the line 4x — 8y = 1. This gives 4x —8y = 1 & —8y = —4x + 1 &y = 1x — L. So the slope of the

1
line that is perpendicular to 4x —8y = lism = —m = —2. The equation of the line we seek is y — (—%) =-2 (x - %)

©y+i=-2+lebr+3y—1=0.

1-5 -
First find the slope of the line passing through (2, 5) and (-2, 1). This gives m = o3 i 1, and so the equation
of thelineweseekisy —7=1(x—1)x—y+6=0.
i : : L -1-1 =2 |
First find the slope of the line passing through (1, 1) and (5, —1). This gives m = 51 -1 - and so the slope
1
of the line that is perpendicular is m = —m = 2. Thus the equation of the line we seekis y + 11 =2 (x +2) &
2x —y—=T7=0.
(a) y 52. (a) y
=2,1) 1
1 X
1
1 X
4, -1
b)y-—-1 :%(x—(—Z))@Zy—2:3(x+2)<:> y-FhHh="2x-4dHoey+l=-2x+8s
2y —2=3x+63x—-2y+8=0. 2x+y—=7=0.
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53.

5S.

57.

b=—1
b=-

b=-6

AN ¢
4] b=6
b=3
-8 t b=1
b=0

y=-=2x+b,b=0,+£1, £3, £6. They have the same

slope, so they are parallel.

m=1.5

m=0.75

m=10.25
" T »m=0
2 8 m=—0.25

m=—-0.75

m=-1.5
y=m(x —3),m=0,+£0.25, £0.75, £1.5. Each of the
lines contains the point (3, 0) because the point (3, 0)
satisfies each equation y = m (x — 3). Since (3, 0) is on
the x-axis, we could also say that they all have the same

x-intercept.

y =3 —x = —x + 3. So the slope is —1 and the

y-intercept is 3.

56.
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m=1.5

m=0.75

m=0.25
m=0

m=-—0.25

m=-—0.75

m=-1.5
y=mx —3,m =0, £0.25, £0.75, £1.5. Each of the
lines contains the point (0, —3) because the point (0, —3)
satisfies each equation y = mx — 3. Since (0, —3) is on

the y-axis, they all have the same y-intercept.

L-10
m=-6

y=2+4+m((x+3),m=0, 0.5, £1, 2, £6. Each of

the lines contains the point (—3, 2) because the point

m=-=2

(—3, 2) satisfies each equation y = 2 4+ m (x + 3).

58.y = %x — 2. So the slope is % and the y-intercept is —2.

¥
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59. —2x +y =7y =2x+ 7. So the slope is 2 and the 60.2x -5y =0 -5y =-2xy= %x. So the slope is

y-intercept s 7. % and the y-intercept is 0.

6l. 4x +5y =105y =—4dx+ 10 y=—2x+2.50 623x—4y=126—4y=-3x+12ey=3x—3.S0
the slope is —% and the y-intercept is 2. the slope is % and the y-intercept is —3.

y y

63. y = 4 can also be expressed as y = Ox + 4. So the slope is 64. x = —5 cannot be expressed in the form y = mx + b. So
0 and the y-intercept is 4. the slope is undefined, and there is no y-intercept. This is a

y vertical line.
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slope is undefined, and there is no y-intercept. This is a

vertical line.

67. 5x +2y — 10 = 0. To find x-intercepts, we set y = 0 and

solve forx: 5Sx +2(0) —10=0=5x =10 x =2, so
the x-intercept is 2.

To find y-intercepts, we set x = 0 and solve for y:
50)+2y—-10=02y =10y =5,so the

y-intercept is 5.

-
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65. x = 3 cannot be expressed in the form y = mx 4 b. So the 66. y = —2 can also be expressed as y = Ox — 2. So the slope

is 0 and the y-intercept is —2.

y

68. 6x — 7y — 42 = 0. To find x-intercepts, we set y = 0 and

solve forx: 6x —7(0) —42=0=6x =42 x =17, 50
the x-intercept is 7.

To find y-intercepts, we set x = 0 and solve for y:
6(0)—7y—42=07y=-42cy=—06,s0the

y-intercept is —6.
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69. %x - %y + 1 = 0. To find x-intercepts, we set y = 0 and

71.

73.

74.

75.

76.
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70. %x - %y — 2 =0. To find x-intercepts, we set y = 0 and

solve forx: fx =1 (O +1=0elx=-1ex=-2  soveforx:dxr—1(0)-2=0elr=2ex=6:0

so the x-intercept is —2. the x-intercept is 6.

To find y-intercepts, we set x = 0 and solve for y: To find y-intercepts, we set x = 0 and solve for y:

To-iy+1=0eiy=1oy=35s0the lo-1ly-2=0ely=-2ey=-10sothe

y-intercept is 3. y-intercept is —10.

y = 6x + 4. To find x-intercepts, we set y = 0 and solve ~ 72. y = —4x — 10. To find x-intercepts, we set y = 0 and
forx: 0= 6x +4 ¢ 6x = —4 e x = —3%, 5o the solve forx: 0 = —4x — 10 & 4x = —10 & x = —3, 50

2

. . 5
x-ntercept1s —3.

the x-intercept is —5.
To find y-intercepts, we set x = 0 and solve for y:

y = 6(0) + 4 = 4, so the y-intercept is 4.

To find y-intercepts, we set x = 0 and solve for y:
y = —4(0) — 10 = —10, so the y-intercept is —10.

YA YA

N :

To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation y = 2x + 3 has slope 2.
The line with equation 2y —4x —5=02y =4x+5y=2x + % also has slope 2, and so the lines are parallel.

To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation y = %x + 4 has slope %
The line with equation2x +4y =1 o4y =-2x -1y = —%x - % has slope —% #* —ﬁ, and so the lines are neither
parallel nor perpendicular.

To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation —3x +4y = 4 &

4y =3x +4 ¢y = 3x + 1 has slope 3. The line with equation 4x + 3y =5 & 3y = —4x +5 & y = —Fx + 3 has
slope —% = —ﬁ, and so the lines are perpendicular.

To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 2x — 3y = 10 &
Jy=2x—-10=y= %x— 170 has slope % The line with equation 3y —2x —7=03y=2x+7 oy = %x+ % also

has slope %, and so the lines are parallel.
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77. To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 7x — 3y = 2 &

78.

79.

80.

81.

82.

Jy=Tx-2y= %x —%has slope % The line with equation 9y +21x = 1 &9y = -2lx — 1 & y = —5 — g5 has

slope —% #* —ﬁ, and so the lines are neither parallel nor perpendicular.

To determine if the lines are parallel or perpendicular, we find their slopes. The line with equation 6y —2x = 5 &

6y =2x +5& y = 1x + 2 has slope £. The line with equation 2y +6x = 1 2y = —6x — 1 & y = —3x — J has

slope =3 = —ﬁ, and so the lines are perpendicular.

We first plot the points to find the pairs of points that determine each side. Next we

4-1 3 1
find the slopes of opposite sides. The slope of AB is 1672 and the

10-7 3 1
= —. Since these slope are equal, these two sides

slope of DC is 5_7(_1) = g 3

7—-1 6
are parallel. The slope of AD is 1= 3= —3, and the slope of BC is

10-4 6

5-7 =2
Hence ABCD is a parallelogram.

= —3. Since these slope are equal, these two sides are parallel.

We first plot the points to determine the perpendicular sides. Next find the slopes of

3—-(-1) 4 2 ]
—— = = — = -, and the slope of AC is

the sides. The slope of AB is 3-(3) =3

8-¢b _ 9 __3 Since
-9—(=3) -6 2
(slope of AB) x (slope of AC) = (Z) (—3) = —1, the sides are perpendicular.
3 2 > ’

and ABC is aright triangle.

We first plot the points to find the pairs of points that determine each side. Next we

3—-1 2 1
find the slopes of opposite sides. The slope of AB is T-1-10-5 and the

6—38 -2 1
slope of DC is o—10-"10"5 Since these slope are equal, these two sides

6—1 5
are parallel. Slope of AD is o-1- 1 —35, and the slope of BC is

3-8 -5
=10 = T = —5. Since these slope are equal, these two sides are parallel.

Since (slope of AB) x (slope of AD) = % x (=5) = —1, the first two sides are

each perpendicular to the second two sides. So the sides form a rectangle.

(a) The slope of the line passing through (1, 1) and (3, 9) is

21—1 20
6-—1

9—-1
3— 2
and (6, 21) is

i\
R

T

1 X

5= 4. Since the slopes are equal, the points are collinear.

[=3= 4. The slope of the line passing through (1, 1)
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7-3 4
(b) The slope of the line passing through (—1, 3) and (1, 7) is 1—(1) =5= 2. The slope of the line passing through
. 15-3 12 . . .
(—1,3) and (4,15) is m =3 Since the slopes are not equal, the points are not collinear.

1+7 4-2
We need the slope and the midpoint of the line AB. The midpoint of AB is (%, T) = (4, 1), and the slope of
) -2-4 -6 . . . -1 -1 .
ABism = 1 -6 = —1. The slope of the perpendicular bisector will have slope — = == 1. Using the
— m —

point-slope form, the equation of the perpendicular bisectorisy —1=1(x —4)orx —y —3 =0.

We find the intercepts (the length of the sides). When x = 0, we have 2y +3(0) —6 =0 < 2y = 6 & y = 3, and when
y =0, we have 2 (0) + 3x — 6 = 0 & 3x = 6 © x = 2. Thus, the area of the triangle is % 3)(2) =3.

- b
(a) We start with the two points (a, 0) and (0, b). The slope of the line that contains them is 0 = ——. So the equation
—a a
b
of the line containing them is y = ——x + b (using the slope-intercept form). Dividing by b (since b # 0) gives
a
Y X Xy
T=—tle-—+-=1
b a + a + b
(b) Settinga = 6 and b = —8,weget%+l8 —lodr—3y =24 4x — 3y —24=0.

(a) The line tangent at (3, —4) will be perpendicular to the line passing through the points (0, 0) and (3, —4). The slope of

—4-0 3
= ——. Thus, the slope of the tangent line will be ————— = —. Then the equation of the tangent
3-0 3 (—4/3) 4

lineis y — (—4) = 3 (x —=3) © 4 (y+4) =3 (x —3) & 3x —4y —25 =0.

(b) Since diametrically opposite points on the circle have parallel tangent lines, the other point is (=3, 4).

this line is

(a) The slope represents an increase of 0.02° C every year. The T -intercept is the average surface temperature in 1950, or
15° C.
(b) In 2050, r = 2050 — 1950 = 100, so T = 0.02(100) + 15 = 17 degrees Celsius.

(a) The slope is 0.0417D = 0.0417 (200) = 8.34. It represents the increase in dosage for each one-year increase in the
child’s age.
(b) Whena =0,c=28.34(0+ 1) =8.34 mg.

(a) y (b) The slope, —4, represents the decline in number of spaces sold for
each $1 increase in rent. The y-intercept is the number of spaces at
200 the flea market, 200, and the x-intercept is the cost per space when the

manager rents no spaces, $50.

100

20 40 60 80 100 X
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90. (a) y (b) The slope is the cost per toaster oven, $6. The y-intercept, $3000, is
the monthly fixed cost—the cost that is incurred no matter how many
10,000 toaster ovens are produced.
5000
500 10000 x
91. (a) (b) Substituting a for both F and C, we have
—=30° | =20° | —10° | ©° 10° | 20° | 30° 9 4
a= §a+32<:>—§a=32<:>
F | —22° —4° 14° 32° | 50° | 68° | 86°

a = —40°. Thus both scales agree at
—40°.
t) —t 80— 170 10 5
92. (a) Using n in place of x and ¢ in place of y, we find that the slope is ni — nll = 163120 — 18 — 24’ So the linear
equation is 1 — 80 = = (n — 168) &1 — 80 = n — 35 & 1 = o4n +45.

(b) When n = 150, the temperature is approximately given by ¢ = 25—4 (150) +45 =76.25° F~ 76° F.

93. (a) Using ¢ in place of x and V in place of y, we find the slope of the line  (b)

y
using the points (0, 4000) and (4, 200). Thus, the slope is 4000
200 — 4000  —3800 . .
=20 - 1 = —950. Using the V-intercept, the 3000
linear equation is V = —950¢ 4 4000.
2000
(c) The slope represents a decrease of $950 each year in the value of the
computer. The V -intercept represents the cost of the computer. 1000
(d) When ¢ = 3, the value of the computer is given by
V = —950 (3) + 4000 = 1150. bz A
h i 4.34
94. (a) We are given — - neC MPIESSUIE - %-9% _ ) 434 Using P for ®»
10 feet change in depth 10
pressure and d for depth, and using the point P = 15 when d = 0, we 60
have P — 15 =0.434(d — 0) & P = 0.434d + 15. 30
(c) The slope represents the increase in pressure per foot of descent. The 0
y-intercept represents the pressure at the surface. 30
20
(d) When P = 100, then 100 = 0.434d + 15 < 0.434d =85 &
10
d = 195.9 ft. Thus the pressure is 100 Ib/in3 at a depth of
approximately 196 ft. 10 20304050 60 x

95. The temperature is increasing at a constant rate when the slope is positive, decreasing at a constant rate when the slope is
negative, and constant when the slope is 0.
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We label the three points A, B, and C. If the slope of the line segment AB is equal to the slope of the line segment BC,
then the points A, B, and C are collinear. Using the distance formula, we find the distance between A and B, between B
and C, and between A and C. If the sum of the two smaller distances equals the largest distance, the points A, B, and C are
collinear.

Another method: Find an equation for the line through A and B. Then check if C satisfies the equation. If so, the points are
collinear.

1.4 SOLVING QUADRATIC EQUATIONS

1.

(IR T N

15.

16.

—b+ /b2 -4
(a) The Quadratic Formula states that x = z—ac.
a
(b) In the equation %xz —x—4=0,a = %, b = —1, and ¢ = —4. So, the solution of the equation is
(= 12 —_a(l) (=
o+ fenr-ad) ey,
x = = = —2or4.

20 |

. (a) To solve the equation x2 — 4x — 5 = 0 by factoring, we write x2 — 4x — 5 = (x — 5) (x + 1) = 0 and use the

Zero-Product Property to get x =5 orx = —1.

2
(b) To solve by completing the square, we add 5 to both sides to get x2 —4x =5, and then add (—%) to both sides to get

2—dx4+4=5+4(x-22=9x—-2=33x=50rx =—1.

(¢) To solve using the Quadratic Formula, we substitute @ = 1, b = —4, and ¢ = —5, obtaining
— (-4 £ /(42 -4(1)(-5) 4+
X = ) = DL )= \/%=2:l:3(:)x=50rx=—1.
2(1) 2

. For the quadratic equation ax? + bx + ¢ = 0 the discriminant is D = b2 — 4ac. If D > 0, the equation has two real

solutions; if D = 0, the equation has one real solution; and if D < 0, the equation has no real solution.

. There are many possibilities. For example, x2 =1 has two solutions, x2 = 0 has one solution, and x2 = —1 has no

solution.

.x2—8x+15:0(:)(x—3)(x—5):0(:)x—3:00rx—5:0.Thus,x:3orx:5.
.x2+5x+6=0<:>(x+3)(x+2)=0<:>x+3=00rx+2=0.Thus,x=—30rx=—2.

o—x=6oxl—x-6=0(x+2)(x—-3)=0x+2=00rx —3=0. Thus, x = —2 or x = 3.
—dx=2lex?-4-21=0x+3)(x—7)=0=x+3=00rx —7=0. Thus, x = =3 orx = 7.

. 5x2—9x—2=0<:>(5x+1)(x—2)=0<:>5x+1=00rx—2=0.Thus,x=—%orx=2.
10.
11.
12.
13.
14.

612 —x—12=0CBx+4) (2r—3) =0 3x +4=00r2x =3 =0. Thus, x = —% orx = 3.

252 =55+32%-5-3=0Q2s+1)(s—3) =025+ 1=00rs —3=0. Thus,s = —4 ors = 3.

492 -9y =284y -9y —28=0 @Ay +7)(y—4) =04y +7=00ry—4=0.Thus,y = —J ory = 4.
1222 — 447 =45 = 1222 — 447 - 45 =06 (62 +5) (22 —9) =0 6z +5=00r2z =9 =0. Thus, z = —2 or z = 3.
4w =dw+3c4w?—4w-3=0Qu+1)Quw-3)=02w+1=00r2w—3=0.If 2w+ 1 = 0, then
w=—%;if 2w — 3 =0, then w = 3.

x2 =5(x +100) & x2 = 5x 4500 & x2 — 5x — 500 = 0 & (x — 25) (x +20) = 0 & x — 25 = 0 or x + 20 = 0. Thus,
x =25o0rx = —=20.
6x(x—l)=21—x<:>6x2—6x=21—x<:>6x2—5x—21=0<:>(2x+3)(3x—7)=0<:>2x+3=00r3x—7=0.

If2x +3 =0, thenx = —3:if 3x =7 =0, then x = .
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17.
18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.
31.
32.

33.

34.

35.

36.

37.

SECTION 1.4 Solving Quadratic Equations 91

—8xt+l1=0x’-8x=—-lor?-8x+16=—-1+16(x—-4>=15cx—4=2/15x =4+ /15.
2tbx—2=0xl4+bxr=224+60+9=2+9 (x+3)2=1lox+3=2/1l o x =-3+£/11.
obx—ll=0ex?-6x=1lcx2—6x+9=11+9 (x -3)2=20=>x -3 =425 x =3+2.5.

2
x2+3x—%:0<:>x2+3x:%<:>x2+3x+%:%+%<:>(x+%) :%:4$x+%::|:2<:>x:—%:|:2<:>

x:%orx:——

3 2
x2+x—%:O<:>x2+x:Z<:>x2+x+%:%+%<:>(x+%) :1:x+%::|:1<:>x:—%:|:1. So
xz—%—lz—%orxz—%—l—l:%.

2 /T
x2—5x+1:O<:>x2—5x:—1<:>x2—5x+%:—1+273<:>(x—%) :%:ﬂc—%::&,/%:i%@
_5 21

242042l =0 x24+2x = 2l x2+2x+ 112 = 221 + 112 = 221+ 121 & (x + 11)2 = 100 =
x+11=+10 x =—11%+10. Thus, x = —1 or x = —21.

2—18x=19x2—18x+ (=92 =19+ (=92 =19+8l(x—-92=100=x—9=+10 x =9 £ 10, so
x =—lorx =19.

5x2+10x—7=0<:>x2+2x—%=0<:>x2~|—2x=%<:>x2+2x+1=%+1<:>(x+1)2=%<:>x+1=:|:\/¥
@x:—lizsﬂ

22+l +5 =0’ +8x+3 =0+ =-J ol +8x+16=-3+160+4’>=Z o
s+d=t [T orx=—ax3f

2
2x2+7x+4:0<:>x2+%x+2:0<:>x2+%x:—2@x2+%x+?—g:—2+%¢>(x+%) z%@

7 /17 — _14411
x+z—:l: 5 & x = 4:I: T
25

4x2+5x—8=0(:)x2+%x—2=0<:>x2+%x=2@x2+%x+@=2+%—5@(x+%)2=%@x+%=:|: %

<:>x=—%:i:@.

P—8x+12=0(x—-2)(x—6)=0&x=2o0rx =6.

2-3x—18=0=(x+3)(x—6)=0cx=—-30rx =6.

x2+8x—20=0<:>(x+10)(x—2)=0<:>x=—100rx=2.

1002 +9x - 7=0 Gx+7) 2x — 1) =0 x =L orx = 4.

2x2—|—x—3=0<:>(x—1)(2x+3)=0<:>x—l=Oor2x+3=0. Ifx —1=0,thenx = 1;if 2x + 3 = 0, then
3

x=—7.

3x2+7x+4=0<:>(3x+4)(x+1)=0<:>3x+4=00rx+1=O.Thus,x=—% orx =—1.

346 —5=0o+x-j=0o+n=Jod+ntl=J+loat+P=isrtr1=2/8o

x=—l:i:2—‘3/6.
x2 — 6x + 1 = 0 =
b+ —dac —(=60)EJ(=6)?—4(1)(1) 6+36-4 6+32 6+42
a

-tx+i=0on’-1+4=000x-2>=0ox =43
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38.

39.

40.

41.

42,

43.

4.

45.

46.

47.

48.

49.

50.

CHAPTER 1 Equations and Graphs
—b++/b? —4dac . —6+/62 — 44 (-1 . —6+ /52 _ 3+ 413
2a - 2(4) - 8 - 4

4x2+16x—9:0<:>(2x—1)(2x+9):0<:>2x—1:00r2x+9:0. If2x—1:0,thenx:%;if2x+9:0,then
9

w243 -1 =04’ tex-1=0x=

X:—j.
0 = x2 —4x +1 = 0 =
b+ Vb2 —dac —(HE (D2 -4 () 4+ /T6-4 4+J12 4+23
x = = - = - =24./3.
2a 2(1) 2 2 2
— (=) £,/ (=32 -4 @3 =12 —
wW=3w-Now -3w+3=0>w= 3 (2(1; ()()=3i 29 12=3i;/_3.5incethe

discriminant is less than 0, the equation has no real solution.

b Vb2 —dac  —O)EJO? -4 s5+/B-12  -5+/13

2a 2(1) B 2 2

3452422 =0=>z7=

10y2 =16y +5=0=

—b+b? —4ac —(-16)=* \/(—16)2 —410)(5) 16+4/256-200 16++56 8+./14
X = = = = = .
2a 2(10) 20 20 10

25x24+70x +49 =0 (Sx+7)?=05x+7=05r =T x = —1.

b VP2 —dac  —@QEJD’-43)Q) 2+ T2 -2+
2a - 2(3) - 6 - 6
discriminant is less than 0, the equation has no real solution.

b Vb2 —dac  —(=DEJ(EEDP=4BG)()  7£ /100 7+ /=51
2a N 2(5) - 10 T
Since the discriminant is less than 0, the equation has no real solution.

%2 —0.011x —0.064 = 0 =

_ — (=001 + \/(—0-011)2 —4(1)(=0.064)  0.011 + 4/0.00012T +0.256 _ 0.011 = 0.506

- 2(D) - 2 ~ 2 '
0.011 4 0.506 0.011 — 0.506

Thus, x ~ + =0.259 or x & —

x2 —2.450x 4+ 1.500 = 0=
_ = (=2450) + \/ (=2450)> —4(1) (1.500) 2450+ \/6.0025—6 _ 2.450 ++/0.0025 _ 2.450 + 0.050

332 4+2x+2=0=x = . Since the

5x2—Tx+5=x =

= —0.248.

. Thus,
2(1) 2 2 2
2.450 + 0.050 2.450 — 0.050
o= 22000 s ory = 2202900 oo,
2 2
x2 —=2.450x +1.501 =0 =
= (=2.450) + \/ (=2.450)> —4 (1) (1.501) 2,450 + /6.0025 — 6.004 _ 2.450 + /=0.0015
B 2(1) o 2 B 2 ‘
Thus, there is no real solution.
x2 —1.800x +0.810 =0 =
— (—1.800) £ ,/(—1.800)> — 4 (1) (0.810 1.800 ++/3.24 =324  1.800 & +/0
x = ) \/ J ) ) = = V0 = 0.900. Thus the only

2(1) 2 2
solution is x = 0.900.
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5. h = %gt2 + oot & %gt2 + vgt — h = 0. Using the Quadratic Formula,
2 1
—(uo)i/(uo) —4(38) =M g foZ 1 2gn
t= = .
2(4%) ¢
1
52. § = n(n—z—{—) 25 =nP+nen4+n-25 = 0. Using the Quadratic Formula,
C—lEJO)2-4()(=28)  —1+/T¥85
2(1) 2 '
53. A = 2x2 4 4xh < 2x% + 4xh — A = 0. Using the Quadratic Formula,

54.

5S.

56.

57.
58.

59.
60.

61.
62.
63.
64.

— @D @2 4@ (-A)  —an+/16h? 484  —HE VAR H24)  _api0/an? 24
4 - 4

202) 4
_ 2(—2hi\/4h2+2A) ot AT 24
4 2

A = 22 4+ 2nrh & 2w 4+ 2nrh — A = 0. Using the Quadratic Formula,

Q) £\ —4Qm) (<) dmh+ AR L 8rA | —mh 7R 1 2mA
B 2(27) B 4m B 21 '

1 1 1
—+ =—oc+b)+c+a)=(+a)(s+b) Scs+bc+es+ac=s%+as+bs+abe
s+a s+b ¢

s2+ (a+b—2¢)s + (ab — ac — be) = 0. Using the Quadratic Formula,

—(a+b—2c):i:\/(a+b—2c)2—4(1)(ab—ac—bc)

2(1)
—(a+b—2¢)£a2 + b2 +4c2 + 2ab — 4ac — 4bc — 4ab + 4ac + 4bc
2
—(a+b—2c)+a?+b2+4c2 —2ab
2

1 2

P g r2 1—r

Sri4+5r—4=0. Using the Quadratic Formula, r = 0] = 5 >

D = b? —4ac = (—=6)2 —4(1) (1) = 32. Since D is positive, this equation has two real solutions.

93

4 | 2 4
=—<:>r2(1—r) (—+—) =r2(1—r) (—2)<:>r(1—r)+2r2=4(1—r)<:>r—r2+2r2=4—4r
r r

—()EYE? -4 (4  —5+/255+16  -5+41

x2=6x -9 x2—6x+9,50D =b?—4ac = (—6)2 —4(1)(9) = 36 — 36 = 0. Since D = 0, this equation has one

real solution.
D =b%—4dac = (2.20)2 —4(1)(1.21) = 4.84 — 4.84 = 0. Since D = 0, this equation has one real solution.

D =b%*—4dac = (2.21)2 —4(1)(1.21) = 4.8841 — 4.84 = 0.0441. Since D # 0, this equation has two real solutions.

D =b%—4ac = (5)2 —44) (%) =25 — 26 = —1. Since D is negative, this equation has no real solution.
D =0b%—4dac = (r)2 —4) (=s) = r2 +4s. Since D is positive, this equation has two real solutions.

1
a2x2+2ax+1:O<:>(ax+1)2:O<:>ax+1:O. Soax+1=0thenax = -1 x =—-—.
a

axz—(2a+1)x+(a+1):0<:>[ax—(a+1)](x—1):0<:>ax—(a+1):00rx—1:0.Ifax—(a+1):0,

thenx = <L ifx — 1 =0, thenx = 1.

a
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65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

CHAPTER 1 Equations and Graphs

We want to find the values of k that make the discriminant 0. Thus k% — 4 @25 =0 k2 =400 < k = £20.
We want to find the values of k that make the discriminant 0. Thus D = 362 — 4 (k) (k) = 0 & 4k% = 362 = 2k = 436 &
k= +£18.

Let n be one number. Then the other number must be 55 — n,since n + (55 —n) = 55. Because
the product is 684, we have (n) (55 —n) = 684 < 55n — n? = 684 & n? —55n 4+ 684 = 0 =

2
_ =(=55)%(=55)"-4(1)(684)  554./3005—2736 _ 554289 _ 55417 _ 55417 _ 12 _
n = 0 = 5 = 5 = > . Son = 5 _7_36or

= 19. In either case, the two numbers are 19 and 36.

_55-17 _ 38
n==5—=3

Let n be one even number. Then the next even number is n + 2. Thus we get the equation n? + (n+ 2)2 =122
n24+n?+4n+4=1252<0=2n%+4n— 1248 = 2(n2 +2n —624) =2(n—24)(n+26). Son =24orn = —26.
Thus the consecutive even integers are 24 and 26 or —26 and —24.

Let w be the width of the garden in feet. Then the length is w + 10. Thus 875 = w (v + 10) & w2+ 10w —875=0&
(w + 35) (w —25) = 0. So w + 35 = 0 in which case w = —35, which is not possible, or w — 25 = 0 and so w = 25.
Thus the width is 25 feet and the length is 35 feet.

Let w be the width of the bedroom. Then its length is w + 7. Since area is length times width, we have
28=(w+TNw=w+Tvcow+Tw-228=0 (W+19) (W —12) =0 w+ 19 =0or w — 12 = 0. Thus
w = —19 or w = 12. Since the width must be positive, the width is 12 feet.

Let w be the width of the garden in feet. We use the perimeter to express the length / of the garden in terms of width. Since
the perimeter is twice the width plus twice the length, we have 200 = 2w + 2/ < 2] =200 — 2w < [ = 100 — w. Using
the formula for area, we have 2400 = w (100 — w) = 100w — w? & w? — 100w + 2400 = 0 < (w — 40) (w — 60) = 0.
Sow—-40=0w=40,orw —60 =0 w = 60. If w = 40, then/ = 100 — 40 = 60. And if w = 60, then

[ =100 — 60 = 40. So the length is 60 feet and the width is 40 feet.

First we write a formula for the area of the figure in terms of x. Region A has x

dimensions 14 in. and x in. and region B has dimensions (13 4 x) in. and x in. So ain

the area of the figure is (14 - x) + [(13 + x) x] = 14x + 13x + x2 = x% 4+ 27x. We A s

are given that this is equal to 160 in%, 50160 = x2 +27x & x2 4+ 27x — 160 =0 o B = .

& (x+32)(x —5) & x = —320rx = 5. x must be positive, so x = 5 in.

The shaded area is the sum of the area of a rectangle and the area of a triangle. So A = y (1) + % )= %yz +y. We
are given that the area is 1200 cm?, s0 1200 = 1y? +y & y2 +2y — 2400 = 0 & (y + 50) (y — 48) = 0. y is positive, so
y =48 cm.

Setting P = 1250 and solving for x, we have 1250 = 155x (300 — x) = 30x — 5x? & f5x2 — 30x + 1250 = 0.

—(=30) £ \/ (=302 =4 (1) 1250) 5o JO00 =300 30420

Using the Quadratic Formula, x = = = . Thus
2 ( %) 0.2 0.2
30 -20 30+ 20
X = 02 =500rx = 0+2 = 250. Since he must have 0 < x < 200, he should make 50 ovens per week.

Let x be the length of one side of the cardboard, so we start with a piece of cardboard x by x. When 4 inches are
removed from each side, the base of the box is x — 8 by x — 8. Since the volume is 100 in?, we getd (x — 8)2 =100 &
x2—16x+64=25=x2—16x +39 =0 (x —3) (x —13) = 0. Sox = 3 or x = 13. But x = 3 is not possible, since
then the length of the base would be 3 — 8 = —5, and all lengths must be positive. Thus x = 13, and the piece of cardboard
is 13 inches by 13 inches.
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Let r be the radius of the can. Now using the formula V = 7r2h with V = 407 cm® and h = 10, we solve for r. Thus

407 = 7wr2 (10) & 4 = r2 = r = 2. Since r represents radius, r > 0. Thus r = 2, and the diameter is 4 cm.

Let w be the width of the lot in feet. Then the length is w + 6. Using the Pythagorean Theorem, we have

w2 + (w+6)2 = (174)? © w? + w? + 12w + 36 = 30,276 < 2w? + 12w — 30240 = 0 = w? + 6w — 15120 = 0 &
(w + 126) (w — 120) = 0. So either w + 126 = 0 in which case w = —126, which is not possible, or w — 120 = 0 in
which case w = 120. Thus the width is 120 feet and the length is 126 feet.

Let i be the height of the flagpole, in feet. Then the length of each guy wire is # + 5. Since the distance
between the points where the wires are fixed to the ground is equal to one guy wire, the triangle is equilateral,
and the flagpole is the perpendicular bisector of the base. Thus from the Pythagorean Theorem, we get

2
[%(h+5)] + 1% = (h+5)72 & h% 4+ 10h + 25 + 4h? = 4h% + 40h + 100 & h%2 —30h — 75 = 0 =

< 0, we reject it. Thus

_ =(=30£/(=30°=4()(=75) 30+ ./5004300 _ 30441300 _ 3042003 _ 30-203
h = 0 = > = 5 = 5 . Since h = ==

the height is & = 304203 — 154 103 ~ 32.32 ft ~ 32 ft 4 in.

Let x be the rate, in mi/h, at which the salesman drove between Ajax and Barrington.

Direction Distance Rate Time
. . 120
Ajax — Barrington 120 X —
X
. . 150
Barrington — Collins 150 x4+ 10
x4+ 10
L distance . . . .
We have used the equation time = to fill in the “Time” column of the table. Since the second part of the trip
: 1 . . 120 1 150
took 6 minutes (or 75 hour) more than the first, we can use the time column to get the equation — + — = ——— =
X 10 x+410

120 (10) (x + 10) 4 x (x + 10) = 150 (10x) & 1200x + 12,000 + x2 + 10x = 1500x <> x2 — 290x + 12,000 = 0 <

—(=290)=4/ (—290)% —4(1)(12,000 /35,100—48,000
P i) \/( 2) a ) _ 290& 84,%00 48,000 _ 29O:l:~2/36,100 = 20£190 _ 145 + 95. Hence, the salesman
drove either 50 mi/h or 240 mi/h between Ajax and Barrington. (The first choice seems more likely!)

Let x be the rate, in mi/h, at which Kiran drove from Tortula to Cactus.

Direction Distance Rate Time
Tortula — Cactus 250 X @
x
. 360
Cactus — Dry Junction 360 x4+ 10
x+10
. distance . . .
We have used time = to fill in the time column of the table. We are given that the sum of
. . . 250 360
the times is 11 hours. Thus we get the equation — + 10 = 11 & 250(x + 10) + 360x =
x X

11x (x + 10) < 250x + 2500 + 360x = 11x2 + 110x < 11x2 — 500x — 2500 = 0 =

—(=500) + \/ (—500)? — 4 (11) (=2500) 500 & /250,000 + 110,000 500 % /360,000 500 = 600
X = = = = .
2(11) 22 22 22
Kiran drove either —4.54 mi/h (impossible) or 50 mi/h between Tortula and Cactus.

Hence,
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Let r be the rowing rate in km/h of the crew in still water. Then their rate upstream was r — 3 km/h, and their rate
downstream was r + 3 km/h.

Direction Distance | Rate Time
6
Upstream 6 r—3
r—73
6
Downstream 6 r+3
r+3

Since the time to row upstream plus the time to row downstream was 2 hours 40 minutes = % hour, we get the equation

6 6 8
Tt = 5<:>6(3)(r+3)+6(3)(r—3)=8(r—3)(r+3)<:>18r+54+18r—54=8r2—72<:>
r— r

O:8r2—36r—72:4(2r2—9r—18):4(2r+3)(r—6)<:>2r+3:Oorr—6:0.If2r+3:0,thenr:—%,

which is impossible because the rowing rate is positive. If » — 6 = 0, then r = 6. So the rate of the rowing crew in still
water is 6 km/h.

Let  be the speed of the southbound boat. Then r + 3 is the speed of the eastbound boat. In two hours the southbound boat
has traveled 2r miles and the eastbound boat has traveled 2 (r + 3) = 2r + 6 miles. Since they are traveling is directions

with are 90° apart, we can use the Pythagorean Theorem to get (2r)% + (2r + 6)2 = 30% & 4r2 + 4r% + 24r + 36 = 900
(:)Srz+24r—864=0(:)8(r2+3r—108) =087 +12)(r—9)=0. Sor = =12 orr = 9. Since speed is
positive, the speed of the southbound boat is 9 mi/h.

Using hy = 288, we solve 0 = —1612 + 288, for 7 > 0. So 0 = —16:2 + 288 < 1612 = 288 = 12 = 18 =

t = £4/18 = +3+/2. Thus it takes 3+/2 & 4.24 seconds for the ball the hit the ground.

(a) Using ho = 96, half the distance is 48, so we solve the equation 48 = —1612 4+ 96 < —48 = —1612 <3 = 12 =
t= :l:«/g. Since ¢t > 0, it takes ﬁ ~ 1.732s.

(b) The ball hits the ground when & = 0, so we solve the equation 0 = —16:2 4+ 96 = 1612 =96 = 12 = 6 = 1 = /6.
Since 1 > 0, it takes /6 & 2.449 s.

We are given v, = 40 ft/s.

(a) Setting i = 24, we have 24 = —1612 + 40t & 1612 —40r +24 = 0 < 8 (Zt2 -5t + 3) =0=8R2tr-3)t—-1)=0

St=1lort = 1%. Therefore, the ball reaches 24 feet in 1 second (ascending) and again after 1% seconds
(descending).
(b) Setting h = 48, we have 48 = —16:2 4+ 40f < 1612 — 40r +48 = 0 = 212 -5t + 6 = 0 &
5% V2548 5+V-13
4

4
never reaches a height of 48 feet.

. However, since the discriminant D < 0, there is no real solution, and hence the ball

(c) The greatest height £ is reached only once. So h = —1612 4 40t < 1612 — 40t + h = 0 has only one solution. Thus
D = (—40)2 — 4 (16) (h) = 0 & 1600 — 64h = 0 < h = 25. So the greatest height reached by the ball is 25 feet.

(d) Setting h = 25, we have 25 = —1612 + 40t < 1612 =40t +25 =0 (4 - 52 =01 = 1%. Thus the ball
reaches the highest point of its path after 1% seconds.

(e) Setting & = 0 (ground level), we have 0 = —1612 +40t 212 =5t =0t 2t =5 =01t =0 (start)ort = 2%.
So the ball hits the ground in 2% S.

If the maximum height is 100 feet, then the discriminant of the equation, 16:2 — vyt + 100 = 0, must equal zero. So

0 = b? —4ac = (—v,)?> — 4 (16) (100) < v2 = 6400 = v, = +80. Since v, = —80 does not make sense, we must have
vo = 80 fi/s.
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(a) The fish population on January 1, 2002 corresponds to ¢ = 0, so F' = 1000 (30 +17(0) — (0)2) = 30, 000. To find
when the population will again reach this value, we set F' = 30, 000, giving
30000 = 1000 (30 + 17t — 12) = 30000 + 17000z — 100012 < 0 = 17000t — 1000¢2 = 1000 (17 — 1) <t =0 or
t = 17. Thus the fish population will again be the same 17 years later, that is, on January 1, 2019.

(b) Setting F = 0, we have 0 = 1000 (30+ 17t —z2) &2 -171-30 = 0o

174289 +120  17+£+409  17+20.22

-2 2 2
t < 0is inadmissible, it follows that the fish in the lake will have died out 18.612 years after January 1, 2002, that is on

August 12, 2020.

Thus + ~ —1.612 or t =~ 18.612. Since

Let y be the circumference of the circle, so 360 — y is the perimeter of the square. Use the circumference to find the
radius, r, in terms of y: y = 2mwr = r = y/(2m). Thus the area of the circle is 7 [y/ (271')]2 = y2/ (4m). Now if the
2
perimeter of the square is 360 — y, the length of each side is % (360 — y), and the area of the square is l:% (360 — y)] .
2
Setting these areas equal, we obtain y2/ (47) = [% (360 — y)] e y/2ym) = % (360 — y) & 2y = 360/ — /7y

& (2+ /m) y = 360/7. Therefore, y = 360y/7/ (2 + /7) ~ 169.1. Thus one wire is 169.1 in. long and the other is
190.9 in. long.

Let w be the uniform width of the lawn. With w cut off each end, the area of the factory is (240 — 2w) (180 — 2w). Since
the lawn and the factory are equal in size this area, is % - 240 - 180. So 21,600 = 43,200 — 480w — 360w + 4w? <

0 = 4w? — 840w + 21,600 = 4 (w2 — 210w + 5400) =4 (w —30) (w — 180) = w = 30 or w = 180. Since 180 ft is too
wide, the width of the lawn is 30 ft, and the factory is 120 ft by 180 ft.

2 2
Let h be the height the ladder reaches (in feet). Using the Pythagorean Theorem we have (7%) +hn? = (19%) =1

2 2 2 2
15 2 _ (39 2 _ (39 15 _ 1521 225 _ 1296 _ — —
(2) +h _(4) eh _(T) _(7) =121 223 _ 1296 _ 34, S0 h = /324 = 18 feet.

Let ¢ be the time, in hours it takes Irene to wash all the windows. Then it takes Henry ¢t + % hours to wash all

the windows, and the sum of the fraction of the job per hour they can do individually equals the fraction of the

1 1 1
job they can do together. Since 1 hour 48 minutes = 1 + % =1+ % = % we have n +—= =3
t = =

5

5.

1 2
T +2t_+3 = % =92t +3)+2(9) =5t (21 +3) & 18t + 27 4 18t = 1062 + 15t & 1012 =21t =27 = 0
iy —(—21)ﬂ:\/(—21)2 —4(10)(=27) 21+ /#4T+1080 21439 o 2= 9
= = = . 0 =] e p—
2(10) 20 20 20 10
21439 . . . . . .
ort = 0 - 3. Since t < 0 is impossible, all the windows are washed by Irene alone in 3 hours and by Henry alone in

3+ % = 4% hours.

Let ¢ be the time, in hours, it takes Kay to deliver all the flyers alone. Then it takes Lynn 7 4 1 hours to deliver all the flyers
1 1

1 1
1

— = — o104 +- 04 +—— 041 =1
r+1 7 04 7( )+r( )+r+1( )

1
alone, and it takes the group 0.4¢ hours to do it together. Thus %+ n +

4t
<:>t+4+m=10<:>t(t+1)+4(t+1)+4t=10(t+1)<:>t2+t+4t+4+4t=10t+10<:>t2—t—6=0<:>

t—3)(t+2)=0.Sot =3o0rt=—2. Since r = —2 is impossible, it takes Kay 3 hours to deliver all the flyers alone.
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93. Let x be the distance from the center of the earth to the dead spot (in thousands of miles). Now setting
K 0.012K K 0.012K
F=0whve0=-S+——>56&5=——=¢6 K (239 —x)? = 0.012Kx? &
X (239 — x) X (239 — x)
57121 — 478x + x% = 0.012x? & 0.988x2 — 478x + 57121 = 0. Using the Quadratic Formula, we obtain

—(—478)+/ (479240989 712) 478+ /TIAG—TFTIT _ 478 /TTALEE . 478452362
x= 2(0.083) = 1976 = 576 A TEES02 & 241,903 +26.499.

So either x & 241.903 + 26.499 = 268 or x &~ 241.903 — 26.499 = 215. Since 268 is greater than the distance from the
earth to the moon, we reject it; thus x & 215,000 miles.

94. If we have x2 —9x +20 = (x — 4) (x —5) =0, thenx =4 or x =5, so the roots are 4 and 5. The product is 4 -5 = 20, and
the sumis 4 +5 = 9. If we have x2 —2x — 8 = (x —4) (x +2) =0, then x =4 or x = —2, so the roots are 4 and —2. The
product is 4- (—2) = —38, and the sum is 4+ (—2) = 2. Lastly, if we have x244x+2 =0, then using the Quadratic Formula,

A4+ /42-4(1)(Q) —4+£/8 —4+£2)2
we have x = 0] ()(): zf: > f:—2:|:«/§.Therootsare—Z—\/Eand—2+«/§.The

roduct is —2—«/5 . —2—{—«/5 =4 — 2 =2, and the sum is —2—\/5 + —2+«/§ = —4. In general, if x = r
p g 1

and x = ry are roots, then x2 + bx + ¢ = (x — r)(x—mr)= X2 —rix—rx+4rimn=x*—( + r9) x + rirp. Equating
the coefficients, we get c = ryrp and b = — (r1 + rp).

95. Let x equal the original length of the reed in cubits. Then x — 1 is the piece that fits 60 times along the length
of the field, that is, the length is 60 (x — 1). The width is 30x. Then converting cubits to ninda, we have
375 =60(x — 1) -30x - o1 = Bria-De30=12-1xo12-x-30=0c (x—6)(x+5) =0.Sox =6or
x = —5. Since x must be positive, the original length of the reed is 6 cubits.

1.5 COMPLEX NUMBERS

1. The imaginary number i has the property that i2=-1.
2. For the complex number 3 + 4i the real part is 3 and the imaginary part is 4.

w

. (a) The complex conjugate of 3 +4i is 3 +4i =3 —4i.
(b) B+4i) 3+4) =3>+4>=25

4. If 3 + 4i is a solution of a quadratic equation with real coefficients, then 3 + 4i = 3 — 4i is also a solution of the equation.
5. Yes, every real number a is a complex number of the form a + 0i.
6. Yes. For any complex number z, z + 7z = (a + bi) + (a + bi) = a + bi + a — bi = 2a, which is a real number.
7. 5 —7i: real part 5, imaginary part —7. 8. —6 + 4i: real part —6, imaginary part 4.
-2 -5 447
9. 3 L —% - %i: real part -2, imaginary part —%. 10. _; ) + %i: real part 2, imaginary part %
11. 3: real part 3, imaginary part 0. 12. —%: real part -1 imaginary part 0.
13. —2i: real part 0, imaginary part —%. 14. i /3 real part 0, imaginary part /3.

15. /3 + /=4 = /3 + 2i: real part /3, imaginary part 2. 16.2 — /=5 =2 — i+/5: real part 2, imaginary part —/5.
17. B+2i)+5 =3+ Q2+5)i=3+T7i 18.3i —(2-3i))=-24+[3—-(-3)]i=-246i

19. -3+ (4-7)=6-4H+(3-7i=1-10i 20.(-3+4)—2—-5i))=(-3-2)+[4—(=5)]i =—-5+9i
2L (=6 +6i)+ O —i)=(=6+9) +(6-1)i=3+5 22 (3—2i)+(—5—§i) :(3—5)+(—2—§)i =—2-1i

3. (1-43i) = (5+31) =7-5+ (-5 -3)i=2-2i

w
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SECTION 1.5  Complex Numbers

(=44+i)—Q2=5))=—44i—-2+5i=(—4-2)+(1+5)i=—6+6i
(=124 8i)— (T+4i)=—12+48i —T—4i = (=12—T)+ (8 —4)i = —19 +4i
6i —(4—i)=6i—4+i=(—4)+6+1)i=—4+7i

4(=142i)=—4+8i 28. —2(3 —4i) = —6 +8i
(7—i)(4+2i) =28+ 14i —4i —2i%2 = (28+2)+ (14 —4)i =30+ 10i
5=3)(1+i)=5+5—3i =3i2=(5+3)+(5-3)i =8+2i

(64 5i) (2 —3i) = 12 — 18i 4+ 10i — 15i2 = (124 15) 4+ (=18 + 10)i =27 —8i
(24+)B—=7i)=—64+14i +3i = Ti2=(=6+T)+ (14 +3)i =1+ 17i
Q+5)(2—-5)=22—-(5i)2=4—-25(-1)=29

B-T7)(B+7i)=3%—(7i)? =58

Q+5)2=22+5)2+22)(5)) =4 —25+20i = —21+20i

(B —-7)2 =32+ (7))2 —2(3) (i) = —40 — 42i

110 i

—_ = — = = — —1

i i1z -1
11 1—i  1=i  1—i 1=i | .
1+i 147 1—-i 1-2 1+1 2 2772
2-3i 2-3i 142 2+44i-3i—6i> @Q+6)+@-3)i 841 s 1
= . = = = = =1
1—2i  1-2i 1+42i 1 —4i2 144 5 575
5-i  5—i 3—4i 15-20i=3i+4i> (15-4)+(=20-3)i 11=23i |4 o.
e . = = = = == — =%1
34+4i  3+4i 3—4i 9 —16i2 9+16 25 5 025
10i 100 142 10i +20i>  —20+10i  5(=442i) 4i2
1—2i  1—-2i 1+2i 1-42  1+4 5 '
1 1 243i 2430 2430 243
2—3'_12 = . = = — :l i
=3 =35 T3 % 233 4-92 ay0 . 13 BT
4460  4+6i 3 120 +18i2  —18+412i  —18 12 )4
= ¢ — = = = — —1 = — =l
3i 3 3i 9i2 -9 -9 -9 3
—3+5i =345 15i —45i+475i2 —75-45 -75 N —45 Ll
= - —_— = = = I == =1
15i 15i 15i 2252 —225 —225 " =225 3 75
1 1 11— Lo i d=i ddi =izl
T+i 1—i 1+i 1—i 1-=i 1+i 1-22 1=i2- 2 2 !
(142))(3—i) 3—i+6i—2i> 5+5i 2—i 10=5i+10i —=5i> (10+5)+(=5+10)i
2+ - 2+i 240 2—i 42 N 5
15+ 5i . .
=— =%+%l=3+l
5
i3 =i%i=—i 4810 = (2) = (-1° = -1
2
(i)’ = 3 (iz) i =243 (=1)2i = 243i 50. 2i)* = 2%i* = 16 (1) = 16
250 250
l-lOOO:(l-4) — 1250 — 4 52‘1-1002:(14) 2 =12 =1
V=49 = /391 =7i 54. /Bl =3
V32 =iV3-2i/3=6i= -6 s6.,/1v=27 =/} -3iv3=3i
(B=v=) (1+ V=) = (3-iv5) (1 +i) =3+3i =iV5- 25 = (3+V5) + (3- V5) i
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(vV3-v=3) (V6 - v=3)

f—zi) (Jé—ziﬁ) = V18 — 2i/6 — 2i/6 + 422
- 3ﬁ_4ﬁ)+(_z¢a_z¢6)i:_ﬁ_4,~¢a
248 242iv2 _ 2(1+i~/5)

T+/=2  14+iv2 1+iJ2
/=36 6i 2 V2 2iV2 iV2

=2

V=279 0230 zf zf 22 —1
X24+49=0x2=—-49=x =47
2 41=0e3l=-loxl=—>tox=+24;
_ 4. —(— f—12 — —
¥ r 20— bV —dac  —(EDEYEDT 4D 14V T _ 14,
2a 2(1) 2 272
—2+./@%-41) @ _ - _ 1 ;
22 =0 x = V@ D@  —2+£/4-8 -2+/-4 242
2(1) 2 2 2
—3+/32-4)(@7) -3+/-19
2 _ _ _ _ _3 4 /19
x*4+3x+7=0x= 0 = 5 __jj:Tl
—(=6) £ ,/(-6)> =4 (1) (10 +./36—4 +J=4 6+2i
2 —br 41020 x = (=6) +/(=6) )(0)  6+436-40 6 _6%2 L.
2(1) 2 2 2
—)EJ 2 =411 - - _ 3 |+
W r ] e 0 x = (OE2VACY) D@ —1£/T-4 —1£V3 _ lizﬁ:_%igi
2(1) 2 2 2
— (= 32 _ .
30y — (=3)+/(=3) 4(1)(3):3i«/9—12:3i«/—3:3izﬁ:§i£i
2(1) 2 2 2 272
— (-2 +/(-2* -4 (1) 24 /4=8 2474 242
2x 2x+1=0=>x 20 1 1 n 2:|:21
3 —(3)£/(3)2—4(1)(3 .
z+3+;:0@z2+3z+3:0=>t= &) (2()1) ()():‘3iV29“2=‘3i2¢‘_3=‘3j§’*/§=—%i“/7§'

6x2+12x+7=0=
—(12)%/(12°=4©) () _ _ 124144168 _ —12:4/=24 _ —1242iv/6 _ =12 4 2iv/6 _ _q 4 +/6;

X = 2(6) 12 - 12 - 12 1
x2+%x+1:0:

__(%)i (%)2—4(1)(1)__%:|: %—4_—%:& - 14 LTS
2

- 2(h) - 2 - 2 = ==
I+W=3—-4i+54+2i=3+4i+5-2i =8+2i

Z+w=3—-4i+54+2i=8—-2i =8+42i

2-Z2=03—4i)(3+4i)=3>+4>=25

7. W=0B+4)(5-2i)=15—6i +20i — 8i2 =23+ 14i
LHS=Z4+w=(@+bi)+(c+di)=a—-bi+c—di=@+c)+(-b—d)yi=(@+c)—(b+d)i.

RHS=z+w=(@+bi))+(c+di)=(@+c)+b+d)i=(@a+c)— (b +d)i.

Since LHS = RHS, this proves the statement.

LHS = Zw = (@ + bi) (c + di) = ac + adi + bci + bdi2 = (ac — bd) + (ad + bc)i = (ac — bd) — (ad + bc)i.
RHS=Z - W=a+0bi-c+di = (a—bi)(c—di)=ac —adi — bci + bdi? = (ac — bd) — (ad + bc) .

Since LHS = RHS, this proves the statement.
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LHS = (22 = (@+50)° = (a — bi)? = a® — 2abi + b2i% = (az - bz) — 2abi.

RHS = 22 = (a + bi)? = a? + 2abi + b2 = (a? = b?) + 2abi = (a — b?) = 2abi.
Since LHS = RHS, this proves the statement.

Z=a+bi=a—bi=a+bi=z

z+7Z = (a+bi)+ (a + bi) =a+ bi + a — bi = 2a, which is a real number.
7—%Z=(a+bi)— (a +bi) =a+bi — (a— bi) =a+ bi —a+ bi = 2bi, which is a pure imaginary number.
2-Z=(a+bi) (a+bi)=(a+bi)-(a—bi)=a®—b*?* = a? + b%, which is a real number.

Suppose z = Z. Then we have (a + bi) = (a + bi) = a+bi =a —bi = 0= —2bi = b =0, so z is real. Now if z is real,
then z = a + Oi(where a is real). Since 7 = a — 0i, we have 7 = Z.

Using the Quadratic Formula, the solutions to the equation are x = . Since both solutions are imaginary,

—b++/b? —4dac
2a

—b  dac —b?
we have b2 — dac < 0 < dac — b? > 0, so the solutions are x = A + % i, where v/4ac — b2 is a real number.
a a

Thus the solutions are complex conjugates of each other.

i=i, P =it i=0, =8 0i=0 ?=-1i%=*=-1,i%=:8.2=—q
B=—i,i’=i*B=—i,iN=8.83=—; #=18=41"=1,"2=8i"=1
Because i4 = 1, we have i" = i", where r is the remainder when # is divided by 4, that is, n = 4 - k + r, where k is an

integer and 0 < r < 4. Since 4446 = 4 - 1111 4 2, we must have (#4460 = ;2 = —1.

1.6 SOLVING OTHER TYPES OF EQUATIONS

Note: In cases where both sides of an equation are squared, the implication symbol < is sometimes used loosely. For example,

Jr=x—-1%" («/)7)2 = (x — )% is valid only for positive x. In these cases, inadmissible solutions are identified later in the

solution.

1.

(a) To solve the equation X3 —4x2 =0we factor the left-hand side: x2 (x —4) =0, as above.

(b) The solutions of the equation x2 (x—4)=0arex =0and x =4.

. (a) Isolating the radical in v/2x + x = 0, we obtain +/2x = —x.

2
(b) Now square both sides: («/Zx) = (—x)2 = 2x = x2.

2 = x2 —2x = x (x — 2) = 0, so the solutions are x = 0 and

(c) Solving the resulting quadratic equation, we find 2x = x
x =2.
(d) We substitute these possible solutions into the original equation: ~/2 -0+ 0 = 0, so x = 0 is a solution, but

v2-242=430,s0x =2 is not a solution. The only real solution is x = 0.

. The equation (x + 1)2 —5(x+ 1)+ 6 = 0is of quadratic type. To solve the equation we set W = x + 1. The resulting

quadratic equationis W2 —5W +6 =0 (W -3)(W -2) =0 W =2oaW=3ox+1=20ox+1=3
x = 1 or x = 2. You can verify that these are both solutions to the original equation.

. The equation x04+7x3 —8 = 01is of quadratic type. To solve the equation we set W = x3. The resulting quadratic equation

isW24+7W —8=0.
2

5. x*—x=0ox(x—-1)=0sx =0o0rx — 1 =0. Thus, the two real solutions are 0 and 1.

6. 3x° —6x2 =0 = 3x2 (x —2) =0 x =0orx — 2 = 0. Thus, the two real solutions are 0 and 2.

. x3:25x<:>x3—25x:0¢>x(x2—25) =0xx+5x—-5=0=x=00rx+5=0o0rx —5=0. The three

real solutions are —5, 0, and 5.
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=50 e xS —5x3 =0 i3 (xz—S) — 0 x =0o0rx2 —5=0. The solutions are 0 and ++/3.

L x0—3x2 =02 (x3—3) =0& x =0orx3 —3 = 0. The solutions are 0 and /3.

6x> —24x = 0 < 6x (x4 - 4) =0 6x (x2 + 2) (x2 — 2) =0. Thus,x = 0,0orx24+2=0 (which has no solution), or
x2 — 2 = 0. The solutions are 0 and :I:\/i.
0 =475 — 1022 = 222 (213 - 5). 1222 = 0, thenz = 0. [f 223 =5 = 0, then 22 = 5 & z = \*@ The solutions are 0

and \3/§

0= 125010 =217 =7 (1253 = 2). 1t 17 = 0, then s = 0. If 125¢> =2 = 0, then 1 = % = L. The solutions are 0
and?.

0= x4 8x2 = x2 (x3+8) :xz(x—{—Z) (x2—2x+4) &x2=0,x+2=0,0rx2 —2x+4 =0. If x2 = 0, then
x=0;ifx +2 =0, thenx = —2, and x2 — 2x 4+ 4 = 0 has no real solution. Thus the solutions are x = 0 and x = —2.
0= x*+64x =x (x? +64) ©x = 0or x> +64 = 0. If x> + 64 = 0, then x> = —64 & x = —4. The solutions are 0
and —4.

0=x3—5x2+6x =x(x2—5x+6) —x(x—2)(x—3)@x=0,x—2=0,0rx —3=0. Thus x = 0, or x = 2, or
x = 3. The solutions are x =0, x = 2, and x = 3.

0=x%—x3—6x2 =42 (xz—x —6) :xz(x—3)(x+2). Thus either x2 =0,s0x =0,orx = 3,orx = —2. The
solutions are 0, 3, and —2.

0=x?+4x3+ 2x2 = x2 (x2 +4x + 2). Soeitherx2 =0 < x = 0, or using the Quadratic Formula on x2 +4x+2=0,

we have x = —4EY 3?54(1)(2) — —4E ‘216_8 = _4j2“/§ = _4i22‘/§ = —2 4 /2. The solutions are 0, —2 — +/2, and

—2+4/2.
0=y5 —8y4 44y3 =3 (y2 —8y+ 4). If y> = 0, then y = 0. If y2 — 8y + 4 = 0, then using the Quadratic Formula, we

—(=8)£/(-8°-4(D(@) 8+ &
2(1) -2
Bx+5% — Bx+53 = 0. Let y = 3x + 5. The equation becomes y* — y3 = 0 &

y(y3—1)=y(y—1)(y2+y+1)=o. Ify=0,then3x+5=0ox=—3.Ify—1=0,then3x+5-1=0

=4+23. Thus, the three solutions are 0, 4 — 2«/§, and 4 + 24/3.

have y =

©x=—%1fy?+y+1=0 then 3x +5)> + (Bx +5) + 1 = 0 9x? + 33x + 31 = 0. The discriminant is
b? —4dac =332 -4 (9) 31) = —27 < 0, so this case gives no real solution. The solutions are x = —% and x = —%.

(x+35)* =16 (x +5)2 = 0. Let y = x + 5. The equation becomes y* — 16y% = y2 (y —4) (y +4) = 0. If y2 = 0, then
x+5=0andx=-51fy—4=0,thenx+5—4=0andx =—-1.Ify+4=0,thenx +5+4 =0and x = —9. Thus,
the solutions are —9, —5, and —1.

0=x3—5x2—2x+10=x2(x—5)—2(x—5):(x—5)(x2—2).Ifx—szo,thenxzs. If x2 — 2 = 0, then
=2ox= :I:«/i. The solutions are 5 and :i:«/z.

0=2x34+x2—18x—9=x22x+1D)—-92x+1)=Q2x+1) (x2—9) = (2x + 1) (x — 3) (x + 3). The solutions are
—4.,3,and 3.
x3—x2+x—1:x2+1<:>O:x3—2x2+x—2:x2(x—2)+(x—2):(x—2)(x2+1).Sincex2+1:Ohas

no real solution, the only solution comes fromx —2 =0 x =2.

College Algebra 7th edition Stewart Solutions Manual


https://ravanbooks.com/books/9781305115545-solutions

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

SECTION 1.6 Solving Other Types of Equations 103
T3 x4 1=23 432 4 x 20 =63 —3x2 —2x +1 =322 2x — 1) — 2x — 1)=(2x—1)(3x2— 1) o —1=0

or3x2—1=0.1f2x — 1 =0, thenx = % If3x2 — 1 :0,then3x2 =1eox? :%(:Mc ::I:\/g. Thesolutionsare%

1
and + 3.

4 4 2 2 2
z~|—Z+1=3<:>(z+l) Z+z+1 =z+1)B)eez74+74+44=372437"-2z+41=0<(z—1)* =0. The

solution is z = 1. We must check the original equation to make sure this value of z does not result in a zero denominator.
10 10 5 5
T+15:3m<:)(m+5) T—l—lS =m+5CBm)= 104+ 15m+75 =3m*+ 15m & 3m* -85=0<

m+5 m+5

m= =,/ % Veritying that neither of these values of m results in a zero denominator in the original equation, we see that

the solutions are —,/ 83—5 and ,/ %

Ly Lo é<:»4(x—1)(x+2)(L+ 1 ) = 4(x—1)(x+2)(%)<:>

x—1 x+2 4 x—1 x4+2

4x+2)+4x -1 =5x-D)(@x+2) o4 +8+4x—4=5x24+5x-105x2-3xr-14=0s
7

Gx+7(x—=2)=0. If5x+7:0,thenx:—%;ifx—2:0,thenx:2. The solutions are -3 and 2.

10 12
—_ - + 4 :O<:>x(x—3)(———+4) =0 x-3)10-12x+4x(x—-3) =0
X x—=3 X x—=3

10x — 30 — 12x 4+ 4x2 — 12x = 0 & 4x2 — 14x — 30 = 0. Using the Quadratic Formula, we have
— (=14 ﬂ:\/(—14)2 —4(#)(=30) 14+ 196 +480 14+£.676 14+26
X = = = =

. So the solutions are 5 and —%.

2(4) 8 8 8

x2

100 - 50 < x2 =50 (x + 100) = 50x + 5000 & x2 — 50x — 5000 = 0 & (x — 100) (x 4+ 50) = 0 < x — 100 = 0
X
or x + 50 = 0. Thus x = 100 or x = —50. The solutions are 100 and —50.

2

3 i 1= leo2x=x2+1ox2—2x+1=(x—1)2=0,s0x = 1. This is indeed a solution to the original equation.
X

1 2 1
1 =
+(x—|—1)(x+2) x+1+x+2
oxl-2=0cx=+/2.We verify that these are both solutions to the original equation.

SE+D)E+)+1=20+2)+ @+ ) x2+3x+2+1=2x+4+x+1

2 1
* o — (:)x(x—3)=2(x+3)—14:)x2—3x=2x+6—1(:)xZ—Sx—5=O.UsingtheQuadratic
x+3 x-3 x2-9

—(=5)£/(=57 -4 (=5 5435

Formula, x = 3 T We verify that both are solutions to the original equation.
X x+1 2 2 2
— =leox(x+3) -G+ DRx+N=2x+7(x+3) o x"+3x —2x° —9x — 7 =2x" 4+ 13x + 21
2x+7 x+3

& 3x2 +19x 4+ 28 =0 & (3x +7) (x +4) = 0. Thus either 3x +7 = 0, 50 x = —%, or x = —4. The solutions are —%
and —4.

1 2 2 5
- = 0ex-20x-1) = 0 x*-2x+2 = 0 &
x—1 x2
- (£ /(-2*-4(HQ@) 24+/4-8 2474
X = 2(1) ) = 5 = ) . Since the radicand is negative, there is no real solution.
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2 2 2
X+ % X+ 5 2
L _5re r).2-1 S x242=5r (B +4) o x2 42 = 1552 420x < 0 = 14x2 +20x —2
3+2 342 ) x 3x+4

B —(20)i\/(20)2—4(14) (=2) _ —20& VA0 +T12 _ —20£V512 _ —20£16v2 _ —5+4v2
- 2(14) N 28 - 28 N 28 - 7
—5+42

—

solutions are

341 341
——%=x¢$x@—%)( §)=x@—§)x@3x+1=2ﬂ—4x@zﬁ—7x—1=0Lm@qum¢mc
2-4 2-4

~(=NEJEDP 4D (=) 7457 . , 7+ /57
T4 4

. Both are admissible, so the solutions are
2(2)

5=4x—35 = («/4x — 3)2 & 25 =4x —3 & 4x = 28 & x = 7 is a potential solution. Substituting into the
original equation, we get 5 = /4 (7) — 3 & 5 = /25, which is true, so the solution is x = 7.
VJ8x—-1=3& (\/Sx - 1'2 =32 o8x—-1=9ox = % Substituting into the original equation, we get

Formula, we find x =

8 (%) —1=3a./9= 3, which is true, so the solution is x = %.

V2r —1=3x -5 (V2x - 1)2 = (v3x - 5)2 & 2x — 1 =3x — 5 & x = 4. Substituting into the original equation,
we get /2(@) — 1 = +/3(@) — 5 & /7 = +/7, which is true, so the solution is x = 4.

2
SBrr=v/+1e (V32 =( x2+1) e3tx=+lol-1-2=000+)@x-2)=0s

x = —1 or x = 2. Substituting into the original equation, we get /3 + (—1) =,/ (—1)2 +1 & /2 = /2, which is true,
and /3 + 2 = v/22 + 1, which is also true. So the solutions are x = —1 and x = 2.
Vitl=xo (N/x+2)2 =xlox+2=xlex?—x-2=@x+1)(x—2)=0<x = —1 orx = 2. Substituting

into the original equation, we get /(—1) + 2 = —1 & /1 = —1, which is false, and /2 + 2 = 2 & /4 = 2, which is
true. So x = 2 is the only real solution.

VE=6x = 2x & («/4—6x)2 =)l od-br=42c224+3x-2=(x+2)2x-1)=0x = -2
orx = 7 Substituting into the original equation, we get /4 — 6 (—2) = 2(—2) & +/16 = —4, which is false, and

(%) (%) & /1 = 1, which is true. So x = % is the only real solution.

VaFl+l=xovatl=x—lo2x+l=x-1)2c2x+l=x2-2x+10=x2—4x =x (x — 4).

Potential solutions are x = 0 and x — 4 & x = 4. These are only potential solutions since squaring is not a reversible

operation. We must check each potential solution in the original equation.

Checking x = 0: «/2(0) + 1+ 1 = (0) & +/T+ 1 = 0 is false.

Checkingx =4: /2@ +14+1=(4) ©+9+1=43+1=4is true. The only solution is x = 4.

VI=3x =0ex =9 -3x &x2 =9—3x &0 =x%+3x — 9. Using the Quadratic Formula to find the potential

—3+32-4(1)(-9) -3+45 3435

2(1) )
=343/5 —3-35

2 2

. Substituting each of these solutions into the

—3+43/5
2

solutions, we have x =

original equation, we see that x = is a solution, but x = isnot. Thus x = is the only solution.

x—Vici=3ex-3=Vi-Tle@-3’=(Wi-) er-t+9=r—lex-Tx+10=0c
(x —2) (x —5) = 0. Potential solutions are x = 2 and x = 5. We must check each potential solution in the original
equation. Checking x = 2: 2 — /2 =1 = 3, which is false, so x = 2 is not a solution. Checking x =5: 5 — \/STI =3
&5 —2 =3, which is true, so x = 5 is the only solution.
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V—x42=1-x/3- =—1—x<:>(«/3—x)2=(—1—x)2<:>3—x=x2+2x+1<:>x2+3x—2=0.Using
-3+32-4()(=2) -3+V17
2(1) o 2

is a solution, but x =

the Quadratic Formula to find the potential solutions, we have x = . Substituting

is not. Thus

=3—+17 =34+v17
2 2

each of these solutions into the original equation, we see that x =

X = _3_T‘/ﬁ is the only solution.

V3x+1=2+ x+1<:>(«/3x+1)2:(2+«/x+1)2<:>3x+1:4+4«/x+1+x+1<:>2x—4:4 r+1le

x=2=2/i+1e@-22= 2/ +1 T drtd=4G+ Do -8r=0ox(x—-8 =0cx=0
or x = 8. Substituting each of these solutions into the original equation, we see that x = 0 is not a solution but x = 8 is a

solution. Thus, x = 8 is the only solution.

Tir4Tx =26 (TFi+/T-3) =2 o (1+0)+ (1 -x) + 2/TFx/T—x = 4 &
242/T+x/T—rx=do/Ttx/T—x=1la(l+x)(l-x)=1c1-x2 =1 x2 =0,s0x = 0. We verify

that this is a solution to the original equation.

x* —4x2 43 =0. Let y = x2. Then the equation becomes y2 —4y +3=0& (y— 1) (y —3) =0,s0y =lory = 3. If
y=1,thenx2 =1 x==+l1,andif y =3, thenx? =3 & x = +/3.

x*—5x24+6=0. Lety = x2. Thentheequationbecomesy2 —-5y+6=0(y—-2)(y—3)=0,soy=2o0ry=3.1If
y=2thenx? =2 x = £/2,andif y = 3, then x> =3 & x = £/3.

2x* + 4x2 + 1 = 0. The LHS is the sum of two nonnegative numbers and a positive number, so a4 +4x2+1>1#0.
This equation has no real solution.

0=x0 =22 =3 = (3 =3) (3 +1). 1fx* =3 =0, then * =3 e.x = Y, orif 3 = —1 > x = —1. Thus v = V3
or x = —1. The solutions are Q/g and —1.

0=x%—-26x3-27= (x3 —27) (x3 + 1). Ifx3-27=0 %3 =27,s0x =3. fx3+1=0cx3= —1,s0x = —1.
The solutions are 3 and —1.

Br15xt =160 =x8 £ 15x4 — 16 = (x4 n 16) (x4 - 1). If x* + 16 = 0, then x* = —16 which is impossible (for
real numbers). Ifx*—1 =0 x* = 1,50 x = £1. The solutions are 1 and —1.

0=x+52-3x+5—-10=[(x+5)=5][(x+5)+2] =x (x+7) & x =0 orx = —7. The solutions are 0 and
—7.

1 1\2 1
Letw:i.ThenOZ(x+ ) +4(x+ )+3becomesO:w2+4w+3=(w+l)(w+3)~NOWifw+120,
x x x

I I 1 1
then T 4100 — lextl=—xor=-Ladifw+3=0ten " t3=0e 1 = 3
X
Sx+l=-3xox= —%. The solutions are —% and—%.

1 1?2 1
Letw=——.Then | —— ) -2 —8=0becomes w? —2w—-8=0= (w—4)(wW+2)=0.Sow—4=0
x+1 x+1 x+1

1
ow=4andw+2=0e w=—2. When w = 4, we have +1=4<:>1=4x+4@—3=4x@x=—%-Whe“
X

1
w = —2, we have =2l=-2x-23=-2xx= —%. Solutions are —% and —%.
x+1

2

4

Let w = L. Then L) == — 4 becomes w? = 4w —4 <0 = w? —4w +4 = (11)—2)2. Now if
x+2 x+2 x+2

-2=0& =2 & x =2x +4 & x = —4. The solution is —4.

—2=0,th
v enx+2 x+2
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Letu = x2/3. Then 0 = x*/3 — 5x2/3 4+ 6 becomes u?2 —5u +6 =0 U —3)(u—2)=0=u—3=00ru —2 =0.
fu—3=0,thenx?’?-3=0x?3=3cx=432=23/3. fu-2=0,thenx?? -2=0:?P =2
x = £23/2 = 2/2. The solutions are +3+/3 and +2+/2.

Letu = Yxithen0 = /X —3Yx —d=ul—3u—4=u—-4Hu+1). Sou—-4=¢-4=0 =4
x=4%=2560ru+1=4x+1=0¢ ¥x = —1. However, ¥/x is the positive fourth root, so this cannot equal —1.
The only solution is 256.

A +D2 2 5@+ 132+ x+ 12 = 0(:)«/x+1[4—5(x+1)+(x+1)2] -0

Jm(4—5x—5+x2+2x+1)=0<:>Jm(x2—3x)=0@ﬁ-x(x—3)=0@x=—1orx=00r
x = 3. The solutions are —1, 0, and 3.

Letu =x —4;then0=2(x =473 = (x =03 —(x =B =273 —u*3 —y1B =u3Qu+1)w—1). So
u=x—4=0=x=4o0r2u+1=2x—-4dH+1=x-7=02x=Tx= %,oru—l =x-4)-1=x-5=0
< x = 5. The solutions are 4, %,and 5.

X312 —10x12 4255712 = 0 o x 712 (x2 — 10x +25) =0 x 12 —5)2 = 0. Now x~1/2 # 0, so the only
solution is x = 5.

X2 x=12 _6x32 =0 x73/2 (x2 —-x - 6) =0 x3/2 (x4+2)(x —3)=0. Now x~1/2 # 0, and furthermore
the original equation cannot have a negative solution. Thus, the only solution is x = 3.

Let u = x1/°. (We choose the exponent % because the LCD of 2, 3, and 6 is 6.) Then ;12 235183 = 3316 _9 &
x3/6—3x2/6:3x1/6—9<:>u3—3u2:3u—9<:>0:u3—3u2—3u+9:u2(u—3)—3(u—3):(u—3)(u2—3).
Sou—-3=00ru?—3=0Ifu—-3=0,thenx'/®-3=0ex"/0=3ox=3%=729 Ifu? —3 =0, then
x13 -3 =0 x!3 =3 o x =33 =27. The solutions are 729 and 27.

Letu = /x. Then 0 = x — 5./x + 6 becomes u —5u +6 = (u —3) (u —2) = 0. Ifu —3 =0, then /x —3 =0
Jx=3ox=9.Ifu—-2=0,then /x —2=0¢ /x =2 < x = 4. The solutions are 9 and 4.

1 4 4
S+ +-=01+4r+4?=06(1+20)? =06 142x =0 2x = —1 & x = —3. The solution is —5.
X x X

—4 2 _— xt 2, 4 - 2 2
0=4x""—16x"~ 4 4. MultlplymgbyTweget,Ozl—4x + x7. Substituting u = x~, we get 0 = 1 — 4u + u“, and

SO0 o /T6T 4y _ 42245 _ )4 /3. Substituing

using the Quadratic Formula, we get u = )

=

back, we have x2=24 \/§, and since 2 + +/3 and 2 — \/§ are both positive we have x = +v/2 + ﬁ orx ==+v2—
Thus the solutions are —\/2 -3, \/2 - «/—, —\/2 + /3, and \/2 + /3.

Va/x + 5+ x = 5. Squaring both sides, we get +/x + 5 +x = 25 & +/x +5 = 25 — x. Squaring both sides again, we
getx +5=(25— x)2 Sx+5=625-50x+x2 < 0=x2—-51x+620 = (x —20) (x — 31). Potential solutions are
x =20 and x = 31. We must check each potential solution in the original equation.

Checking x = 20: v/4/204+5+20 =5 V425420 =5 & /5420 = 5, which is true, and hence x = 20 is a

solution.

Checking x = 31: v//B1) +5+31 =5 o /36 +31 = 5 < /37 = 5, which is false, and hence x = 31 is not a

solution. The only real solution is x = 20.

34x2—4)c:x<:>4x2—4x:x3<:>0:x3—4x2—{—4x:)c()c2—4x—}—4) :x(x—2)2. Sox =0orx = 2. The

solutions are 0 and 2.
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T3 =432 0= 22 x+3—(x+3)3/2@0=m[(x2)—(x+3)]@0=m(x2—x—3).

If (x + 3)1/2 =0,thenx +3 =0 x = —3. Ifx2 —x —3 =0, then using the Quadratic Formula x = li—%/ﬁ The

solutions are —3 and Lﬁ/ﬁ
3 . . . 3 2 2
Letu = +/11 — x“. By definition of u we require it to be nonnegative. Now v/ 11 — x= — \/iz =leou——=1.
11 —x u

Multiplying both sides by u we obtain W -2=uc0=u?—u—-2=u- 2)(u+1). Sou =2 oru = —1. Butsince u
must be nonnegative, we only haveu =2 < 11 —x2 =2 < 11 — x? =4 & x? =7 x = /7. The solutions are
+V7.

Vx 4+ /x 2 = 2. Squaring both sides, we get x + /x + 2 = 4 & /x + 2 = 4 — x. Squaring both sides again, we get
x+2=@4—-x)2=16-8x+x2=0=x2—9+14=0=(x—-7)(x—2).ffx—7=0,thenx =7.Iffx —2=0,
then x = 2. So x = 2 is a solution but x = 7 is not, since it does not satisfy the original equation.

V1+vVx+v/2x+1 = /5+ /x. We square both sides to get | + Vx++2x +1 = 5+ J/x &
x+/2x+1=(4+ ﬁ)z =16+8/x +x & +/2x + 1 = 16 + 8,/x. Again, squaring both sides, we obtain
2x+1=(16+ 8\/5)2 = 256 + 256,/x + 64x < —62x — 255 = 256.,/x. We could continue squaring both sides until

we found possible solutions; however, consider the last equation. Since we are working with real numbers, for \/x to be
defined, we must have x > 0. Then —62x — 255 < 0 while 256,/ > 0, so there is no solution.

0=x*—5ax2+44d% = (a — xz) (4a — xz). Since a is positive, a — P=0oxl=acx= ﬁ. Again, since a is

positive, 4a — x2 = 0 < x2 = 4a < x = +2./a. Thus the four solutions are ++/a and +2./a.

b
0 =a3x3+p = (ax+b)(a2x2—abx+b2). Soax+b =0ax = —besSx = — or
a
—(ab) £ /(=ab) —4(a?) () bt 322 , - b
X = = , but this gives no real solution. Thus, the solution is x = ——.
2 (az) 242 a
VX +a+ /x —a = +/2J/x + 6. Squaring both sides, we have

xt+a+2(Vxta) (Vr—a)+x—a=2(x+6)=2x+2(Vx+a) (Vx—a) =2x+12&2(Vx +a) (Vx —a) =12
o (m) (\/H) = 6. Squaring both sides again we have (x + a) (x — a) = 36 & x2 — a% = 36 = x2 = a? + 36

Sx = :I:\/m. Checking these answers, we see that x = —\/m is not a solution (for example, try substituting

a=8),butx = \/m is a solution.

Let w = x1/6. Then x1/3 = w? and x1/2 = w3, and so

0=uw’ —aw2+bw—ab=w2(w—a)+b(w—a) = (w2+b) (w—a)= (f/f—i—b) (%—a). Sox—-—a=0s

6 is one solution. Setting the first factor equal to zero, we have J/x +b =0 Jx = b & x = —b3.

a=Yxox=a
However, the original equation includes the term b.&/x, and we cannot take the sixth root of a negative number, so this is not

a solution. The only solution is x = ad.

900
Let x be the number of people originally intended to take the trip. Then originally, the cost of the trip is —. After 5 people
X

900 4500

900
cancel, there are now x — 5 people, each paying — + 2. Thus 900 = (x — 5) (— + 2) < 900 =900+ 2x — —-10
X X X

4500
&0=2x—10—- —— &0 =2x2 — 10x — 4500 = (2x — 100) (x + 45). Thus either 2x — 100 = 0, so x = 50, or
x

x +45 =0, x = —45. Since the number of people on the trip must be positive, originally 50 people intended to take the trip.
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82.

83.

84.

85.

86.
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120,000

Let n be the number of people in the group, so each person now pays . If one person joins the group, then there would

120,000 120,000
n n

be n + 1 members in the group, and each person would pay —6000. So (n+ 1) ( — 6000) = 120,000

n {120,000 n 5
o [(6000) ( — - 6000)] n+1)= (m) 120,000 & (20 — ) (n + 1) = 20n & —n2 + 191 + 20 = 201 &

0=n?+n-20= (n —4) (n +5). Thus n =4 or n = —5. Since n must be positive, there are now 4 friends in the group.

We want to solve for t when P = 500. Letting u = /¢ and substituting, we have 500 = 3¢ + 10/7 + 140 &

-5+ /1105

500 = 3u? + 10u + 140 © 0 = 3u? + 10u — 360 & u = 3

-5+ /1105
3

. Since u = /1, we must have u > 0. So

Vi=u=

~ 9.414 &t =~ 88.62. So it will take 89 days for the fish population to reach 500.

Let d be the distance from the lens to the object. Then the distance from the lens to the image is d — 4. So substituting

1 1 1
F =48,x =d,and y = d — 4, and then solving for x, we have 8- 3 + T Now we multiply by the
LCD, 4.8d (d —4), togetd (d —4) = 4.8(d —4) + 4.8d & d> —4d = 9.6d — 192 & 0 = d*> — 13.6d + 192 &
13.6+10.4
d= — Sod = 1.6 ord = 12. Since d — 4 must also be positive, the object is 12 cm from the lens.

Let x be the height of the pile in feet. Then the diameter is 3x and the radius is %x feet. Since the volume of the cone is

3r)? 373 4000 4000
1000 £63, we have = (=) x = 1000 & 2 = 1000 & x3 = — < x = J—— ~ 7.5 feet.
3\2 4 3 3w

Let r be the radius of the tank, in feet. The volume of the spherical tank is %‘n’r3 and is also 750 x 0.1337 = 100.275. So
$7r3 =100.275 & r3 = 23.938 & r = 2.88 feet.

Let r be the radius of the larger sphere, in mm. Equating the volumes, we have %ﬂ'r3 = %ﬂ' (23 +33 4 43) =

3 =23433 444 o3 =99 & r = J99 ~ 4.63. Therefore, the radius of the larger sphere is about 4.63 mm.

We have that the volume is 180 ft, so x (x —4) (x +9) = 180 & x3 + 5x2 — 36x = 180 & x> 4 5x2 — 36x — 180 = 0
o245 -36(E+5) =0 (x+5) (x2 —36) —0e (x+5) (x+6)(x —6) = 0= x = 6 is the only positive
solution. So the box is 2 feet by 6 feet by 15 feet.

Let x be the length, in miles, of the abandoned road to be used. Then the length of the abandoned road not used
is 40 — x, and the length of the new road is /102 + (40 — )c)2 miles, by the Pythagorean Theorem. Since the

cost of the road is cost per mile x number of miles, we have 100,000x + 200,000v/x2 — 80x + 1700 = 6,800,000

& 2v/x2 —80x + 1700 = 68 — x. Squaring both sides, we get 4x2 — 320x + 6800 = 4624 — 136x + x2 &

i _ . . .
3x2 = 184x +2176 = 0 & x = 134E 33%56 26112 _ 184388 Sx = %6 or x = 16. Since 45% is longer than the existing

road, 16 miles of the abandoned road should be used. A completely new road would have length v/ 102 4 402 (let x = 0)
and would cost +/1700 x 200,000 = 8.3 million dollars. So no, it would not be cheaper.
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88. Let x be the distance, in feet, that he goes on the boardwalk before veering off onto the sand.

89.

90.

91.

The distance along the boardwalk from where he started to the point on the boardwalk closest

to the umbrella is +/7502 — 2102 = 720 ft. Thus the distance that he walks on the sand is

V(720 = x)2 + 2102 = /518,400 — 1440x + x2 + 44,100 = /x2 — 1440x + 562,500.

Distance Rate Time
Along boardwalk x 4 %
2 _ 1440x + 562,500
Across sand VxZ — 1440x + 562,500 | 2 v 2x +

Since 4 minutes 45 seconds = 285 seconds, we equate the time it takes to walk along the boardwalk and across the sand

2 — 1440x + 562,500
% T v 2x + & 1140 — x = 2/x2 — 1440x + 562,500. Squaring both

sides, we get (1140 —x)2 = 4 (x2 — 1440x + 562,500) & 1,299,600 — 2280x 4 x2 = 4x2 — 5760x + 2,250,000

to the total time to get 285 =

& 0 = 3x% — 3480x + 950,400 = 3 (xz — 1160x + 316,800) = 3(x —720) (x —440). Sox —720 =0
< x = 720, and x — 440 = 0 & x = 440. Checking x = 720, the distance across the sand is
210 feet. So % + 2—50 = 180 + 105 = 285 seconds. Checking x = 440, the distance across the sand is

\/(720 - 440)2 +210% = 350 feet. So 43—0 + % = 110 4 175 = 285 seconds. Since both solutions are less than or equal
to 720 feet, we have two solutions: he walks 440 feet down the boardwalk and then heads towards his umbrella, or he walks
720 feet down the boardwalk and then heads toward his umbrella.

Let x be the length of the hypotenuse of the triangle, in feet. Then one of the other
sides has length x — 7 feet, and since the perimeter is 392 feet, the remaining side
must have length 392 — x — (x — 7) = 399 — 2x. From the Pythagorean Theorem,
we get (x — 7)2 + (399 — 2x)% = x2 < 4x2 — 1610x + 159250 = 0. Using the

Quadratic Formula, we get

— 1610+ 161‘;2(;)4(4)(159250) = 1610£444100 _ 16104210 ‘4ng 50 x = 227.5 or x = 175. But if x = 227.5, then the

side of length x — 7 combined with the hypotenuse already exceeds the perimeter of 392 feet, and so we must have x = 175.
Thus the other sides have length 175 — 7 = 168 and 399 — 2 (175) = 49. The lot has sides of length 49 feet, 168 feet, and
175 feet.

Let & be the height of the screens in inches. The width of the smaller screen is & + 7 inches, and the width of the bigger
screen is 1.8/ inches. The diagonal measure of the smaller screen is /A2 + (h + 7)2, and the diagonal measure of the
larger screen is / h2 + (1.8h)% = v/4.24h2 a2 2.06h. Thus \/h2 + (h + 7)% + 3 = 2.06h & /h2 + (h 4+ 7)*> = 2.06h — 3.
Squaring both sides gives h? + h? + 14h + 49 = 4.24h> — 12.36h + 9 & 0 = 2.24h> — 26.36h — 40. Applying

26.36i\/(—26.36)2—4(2-24)(—40) 2636441053249 . 26.36 £32.45
= 4.48 ~

the Quadratic Formula, we obtain & =

22.24) 4.48
26.36 +32.45 . . .
~ a3 A 13.13. Thus, the screens are approximately 13.1 inches high.
Since the total time is 3 s, we have 3 = ﬁ + L Letting w = +/d, we have 3 = T+ Jdow? o dAsw?+lw-3=0
’ 4 1090 ’ 4 1090 1090 4
—545 +591.054

S 2w 4+ 5450 — 6540 = 0 & w = . Since w > 0, we have \/3 =w ~ 11.51, sod = 132.56. The well

4
is 132.6 ft deep.
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92. (a) Method I: Letu = \/x,sou? = x. Thus x — /x —2 =0becomes u? —u —2 =0 u—2)(u+1)=0. Sou =2

1
(b) Method 1: Letu = ——, so u?

1.7

oru=—1.1fu =2,then s/x =2= x =4. Ifu = —1, then \/x = —1 = x = 1. So the possible solutions are 4 and
1. Checking x = 4 we have 4 — /4 —2 =4 —2 —2 =0. Checking x = l wehave | —+/T—2=1—1—2%#0. The
only solution is 4.
Method2: x — Jx —2=0=x—2= /x> —dx+4=xx2—5x+4=0& (x —4) (x — 1) = 0. So the
possible solutions are 4 and 1. Checking will result in the same solution.

= . Thus + 10 + 1 = 0 becomes 1212 + 10u + 1 = 0. Using
x—3 (x —3)? (x=32 x-3

—10+£/102—-4(12)(1) _ —10£/52 _ —1042/13 _ =5+/13 Ify = =5=v13
2(12) =—7 = 24 =1 =1 >

the Quadratic Formula, we have u =

1 —-5—- /13 12(=5+4/13
then = oxr—3=—12__ =5tJI3 _ ( ):—5+«/13.S0x:—2+«/13.

x-=3 12 T 5-V13 —5+/13 12

5413 1 =5+4/13 a_ 12 —5-J13 _ 12(—5—Jﬁ) - _5_J13
Ifu= o ,thenx_3_ o S x 3_—5+«/ﬁ Sy W = -5 13. So
x=-2—413.
The solutions are —2 =+ 4/13.

12
Method 2: Multiplying by the LCD, (x — 3)2, we get (x — 3)2 (( 3 + 3+ 1) =0 -x=-3)?%e
X — X —

12410(x —3)+ (x —3)2 =0 124 10x —30 +x2 — 6x +9 = 0 < x2 + 4x — 9 = 0. Using the Quadratic
Formula, we have u = 4+ 422_4(])(_9) = _4i2‘/5_2 = _4i222m = —2 4 /13. The solutions are —2 & +/13.

SOLVING INEQUALITIES

1. (@) Ifx <5,thenx -3 <5—-3=x—-3 <2.
(b) Ifx <5,then3-x <3.-5=3x < 15.
(¢c) Ifx >2,then -3 -x < -3-2= —3x < —6.
(d) If x < =2, then —x > 2.

1
2. To solve the nonlinear inequality Xt <0we
x=2 Interval (=00, —1) | (=1,2) | (2,00
first observe that the numbers —1 and 2 are zeros Sign of x + 1 - + +
of the numerator and denominator. These Sign of x —2 _ — +
numbers divide the real line into the three Signof (x + 1)/ (x —2) + — +

intervals (—oo, —1), (—1, 2), and (2, c0).

The endpoint —1 satisfies the inequality, because

is not

+1 . . . . 2+1
7= 0 < 0, but 2 fails to satisfy the inequality because 7

defined.
Thus, referring to the table, we see that the solution of the inequality is [—1, 2).

3. (a) No. For example, if x = =2, thenx (x + 1) = =2(=1) =2 > 0.
(b) No. For example, if x =2, thenx (x + 1) =2(3) = 6.

4. (a) To solve 3x < 7, start by dividing both sides of the inequality by 3.
(b) To solve 5x — 2 > 1, start by adding 2 to both sides of the inequality.
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5 6
X —2+3x2% X 1—2x >5x
-5|-17> Lino -5 11 > —25; yes
—-1] -5> %;no -1 3> —5;yes
0 —2 > 0;no 0 1 > 0; yes
IR 4
F s b Fl g
1 12%,yes 1 —1>5;no0
\/5 4.7 > %,yes ﬁ —3.47 > 11.18; no
3 72%,yes 3 —5 > 15;no
5 13> 4iyes 5 -9 > 25:n0
The elements %, 1,4/5,3,and 5 satisfy the inequality. The elements —5, —1, and 0 satisfy the inequality.
7 8
X 1 <2x—4<7 X —2<3—-x<2
51 1<-14<7;n0 -5 -2 <8 <2;no
-1 1<—-6<7;n0 -1 —2<4<2;no
0 1 <—4<7;n0 0 —2<3<2;no
% 1<—%§7;n0 % —2§%<2;n0
% 1<—%§7;no % —2<%<2;n0
1 1 <-2<7;n0 1 -2 <2<2;no
V35 1<047 <70 V3| =2 <076 <2;yes
3 1 <2<7;yes 3 —2<0<2;yes
5 1 <6<7;yes 5 —2 < -2 < 2;yes
The elements 3 and 5 satisfy the inequality. The elements /5, 3, and 5 satisfy the inequality.
9. 10.
X % < % X x2 +2<4
-5 —% < %;yes =5 | 27 <4;no
-1 ~1 < 3iyes —1 | 3 <4yes
0 é is undefined; no 0 2 < 4;yes
% %S%mo % 29—2<4;yes
% gg%;no % %<4;yes
1 15%;n0 1 3 < 4;yes
V3 0.45 < %;yes V3 7 < 4;no
3 %5%;yes 3 11 < 4;no
5 %S%;yes 5 27<4;I10
The elements —5, —1, /3, 3, and 5 satisfy the inequality. The elements —1, 0, 3, 2, and 1 satisfy the inequality.
11. 5x <6 x < g Interval: (—oo, %:I 12.2x > 8§ & x > 4. Interval: [4, c0)
Graph: >
Graph: & 4
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15.
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2x=5>3=2x>8ex>4
Interval: (4, 00)

Y

Graph:

2-3x>8o3x<2-8ox <=2

Interval: (—oo, —2)

Graph:
-2

+l<0e2 <-lox<-—1

Interval: (—oo, —%)

Graph: 1

l+4x <5—-2xb6x<d4sx <

Wl

Interval: (—oo, %]

Graph: 2
3

1 2 1 8 16
jx—3>2<:>§x>§<:>x>?

Interval: (%, oo)

\ 4

Graph: 16

4-3x<—-—(148x)e=4-3x<-1-8x5x<-5

Sy < —1
Interval: (—oo, —1]

Graph:
-1

2<x+5<d4e-3<x<-1
Interval: [-3, —1)

Graph:

-3 -1

—6<3x-7<8el<3x<l5el<r<s

Interval: [%, 5]

Graph: "

14.

16.

18.

20.

22,

24.

26.

28.

3x+1l<53xx<—-6ox <=2

Interval: (—oo, —2)

Graph:
-2

l<S5—-2xo2x<5—-1ox<?2

Interval: (—o0, 2)

Graph:
2

0<S5- el <5ex <3

Interval: (—oo, %)

Graph: 5

2

5—3X§2—9x<:>6x§—3<:>x§—%

Interval: (—oo, — %:I

Graph: 1

T2
2 — Lx > L + x (multiply both sides by 6) &
4-3x>1+6ro3>0el>x

Interval: (—oo, %:I

Graph: 1

3

2(Ix =3) <12x+ 1614 —-6<12x+ 16 &

2x<2osx <11
Interval: (—oo, 11]

Graph:
1

5<3x—4<149<3x<18=3<x<6

Interval: [3, 6]

Graph:
6

Wil

<5k —-4<5-4<5x <9 —

. 4 9
Interval: [—3, 3]

Graph:

[ZYES
o
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29 2<8-<-le-10<-2x<-9&5>x>7

(:)%Sx <5

19
Interval: [7’ 5)

Graph: 9

2x—3 1
al > — &8 > 2x —3 > 2 (multiply each
12 6

11

expression by 12) & 11 22x>5<:>7 >x > %

2
31. - >
32

(3 1
Interval: (2, 5 ]

Graph:

N[5
ol
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30.3<kx+7<te-10<h<-Yo

=2
. 10 13
Interval: [—7, —?]
Graph: 10 13
6
1 4-3 1
32. —3 < 3 ol < 7 < (multiply each expression by 20)
—10<4(@-3x)<5-10<16—-12x <5<
“6<-1x<-lleB>r>Holl<xc

12>

Interval: [ﬂ %]

Graph:

1 13

33. (x +2) (x —3) < 0. The expression on the left of the inequality changes sign where x = —2 and where x = 3. Thus we

must check the intervals in the following table.

Interval (=00,=2) | (=2,3) | 3,00)
Sign of x +2 - + +
Signof x — 3 - - +
Sign of (x 4+ 2) (x — 3) + - +

From the table, the solution set is
{x | =2 < x < 3}. Interval: (-2, 3).

Graph:

-2 3

34. (x —5) (x +4) > 0. The expression on the left of the inequality changes sign when x = 5 and x = —4. Thus we must

check the intervals in the following table.

From the table, the solution set is

Interval (=00, =4) | (—4,5) | (5,00) (x|x<—4or5<x).
Signofx —5 - - + Interval: (—oo, —4] U [5, 00).
Sign of x + 4 - + +
Sign of (x — 5) (x + 4) + - + Graph: — >
35. x (2x +7) > 0. The expression on the left of the inequality changes sign where x = 0 and where x = —%. Thus we must
check the intervals in the following table.
- - From the table, the solution set is
Interval (—oo, —7) (—7, O) (0, 00) {x x < _% or0 < x}.
Sign of x - — +
Sign of 2x + 7 — + + Interval: (—oo, —%] U [0, 00).
Signof x 2x +7) + - +

Y

Graph: 5
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36. x (2 — 3x) < 0. The expression on the left of the inequality changes sign when x = 0 and x = % Thus we must check the
intervals in the following table.

Interval (—00,0) (0, %) (%, oo)
Sign of x - + +
Sign of 2 — 3x + + —
Sign of x (2 — 3x) - + -

From the table, the solution set is

{xlngor%gx}.

Interval: (—oo, 0] U [%, oo).

\ 4

Graph:

37.x2-3%x-18< 0 (x +3) (x — 6) < 0. The expression on the left of the inequality changes sign where x = 6 and where

x = —3. Thus we must check the intervals in the following table.
Interval (=00, =3) | (=3,6) | (6,00)
Signof x + 3 - + +
Signof x — 6 - - +
Sign of (x 4+ 3) (x — 6) + - +

From the table, the solution set is
{x | =3 < x < 6}. Interval: [—3, 6].

Graph:

38. x2+5x+6> 0 (x+3)(x+ 2) > 0. The expression on the left of the inequality changes sign when x = —3 and

x = —2. Thus we must check the intervals in the following table.
Interval (=00,=3) | (=3,-2) | (=2,00)
Signof x +3 - + +
Sign of x + 2 - - +
Sign of (x +3) (x +2) + - +

From the table, the solution set is
{x|x<—-=30r —2 <x}.

Interval: (—oo, —3) U (=2, 00).

Graph: =—o0——————0—>
-3 —2

39. 22 +x> 122 +x-1>0 (x + 1) 2x — 1) > 0. The expression on the left of the inequality changes sign where

x = —1 and where x = % Thus we must check the intervals in the following table.

Interval (=00, —1) (—1, %) (%, oo)
Signof x + 1 — + +
Sign of 2x — 1 - - +
Signof (x +1) 2x — 1) + - +

40. x2 < x+2 o x2

From the table, the solution set is

{xlxg—lor%gx}.

Interval: (—oo, —1]U [%, oo).

\

Graph:

—x—2<0& (x+1)(x —2) < 0. The expression on the left of the inequality changes sign when

From the table, the solution set is
{x | =1 <x <2}. Interval: (—1,2).

Graph:

x = —1 and x = 2. Thus we must check the intervals in the following table.
Interval (=00, —=1) | (-=1,2) | (2,00)
Signof x + 1 - + +
Signofx —2 - - +
Signof (x + 1) (x —2) + - +
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41. 3x2 —3x < 22 +4 o x2 —3x —4 <0 (x + 1) (x —4) < 0. The expression on the left of the inequality changes sign

where x = —1 and where x = 4. Thus we must check the intervals in the following table.
From the table, the solution set is
Interval (=00, =) | (=14 | (4,00 (x| =1 < x < 4}. Interval: (=1, 4).
Signof x + 1 - + +
i — — _ Graph:
Sign of x — 4 + e 4
Signof (x + 1) (x — 4) + - +

42, 5x2 +3x > 3x2 42 2x2 +3x —2 > 0 (2x — 1) (x +2) > 0. The expression on the left of the inequality changes

sign when x = % and x = —2. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval —00, =2 -2, 1 l, 00
( ) ( 2) (2 ) {x|x§—2or%§x}.
Sign of 2x — 1 - - +
Sign of x + 2 — + + Interval: (—oo, —2] U [%, oo).
Signof 2x — 1) (x +2) + - +

\ 4

Graph:

=

43. x2 > 3(x+6) = x2—3x —18 > 0 & (x + 3) (x — 6) > 0. The expression on the left of the inequality changes sign

where x = 6 and where x = —3. Thus we must check the intervals in the following table.
From the table, the solution set is
Interval (=00, =3) | (=3,6) | (6,00) (x|x <—=3o0r6 < x}.
Signof x +3 - + + Interval: (—oo, —3) U (6, 00).
Signof x — 6 - - +
- Graph: =—o0———————o0—>
Sign of (x 4+ 3) (x — 6) + — + pe .

M4 2+2u>30x+2x-3>0 (x+ 3) (x — 1) > 0. The expression on the left of the inequality changes sign when

x = =3 and x = 1. Thus we must check the intervals in the following table.
From the table, the solution set is
Interval (—o00,=3) | (-3,1) | (1,00) {x|x <=3orl <x}.
Signofx +3 - + + Interval: (—oo, —3) U (1, 00).
Signof x — 1 - - +
Sign of (x +3) (x — 1) n — + Graph: —o ——————>

45. x2 <deox?—4<0 (x+ 2) (x —2) < 0. The expression on the left of the inequality changes sign where x = —2 and
where x = 2. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval (=00, =2) | (=2,2) | (2,00) {x | =2 < x < 2}. Interval: (=2, 2).
Sign of x + 2 - + +
: _ _ _ Graph:
Signofx —2 + > )
Sign of (x +2) (x —2) + - +
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46. x2 > 9= x2 -9 > 0o (x +3) (x —3) > 0. The expression on the left of the inequality changes sign when x = —3 and
x = 3. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval (=00,-3) | (=3,3) | (3,00) (x| x < —=3o0r3<ux}.
Signof x + 3 - + + Interval: (—oo, —3] U [3, 00).
Signof x — 3 - - +

- Graph: >
Sign of (x + 3) (x —3) + - + 3 3

47. (x +2) (x — 1) (x — 3) < 0. The expression on the left of the inequality changes sign when x = —2, x = 1, and x = 3.
Thus we must check the intervals in the following table.

Interval (=00, =2) | (=2,1) | (1,3) | (3,00)
Signof x +2 - + + +
Signof x — 1 - - + +
Signof x — 3 - - - +
Signof (x +2) (x — 1) (x —3) - + - +

From the table, the solution setis {x | x < —2 or 1 < x < 3}. Interval: (—oo, —2]U[1, 3]. Graph:

48. (x —5) (x —2) (x + 1) > 0. The expression on the left of the inequality changes sign when x = 5, x =2, and x = —1.
Thus we must check the intervals in the following table.

Interval (—oo,—1) | (-=1,2) | (2,5) | (5,00)
Signofx —5 — — - +
Sign of x — 2 - - + +
Signofx + 1 - + + +
Signof (x =5)(x —2)(x + 1) - + - +
From the table, the solution setis {x | =1 <x <2or5 < x}. Interval: (—1, 2)U(5, 00). Graph: —ol—g—g—)

49. (x —4) (x + 2)2 < 0. Note that (x + 2)2 > 0 for all x # —2, so the expression on the left of the original inequality changes
sign only when x = 4. We check the intervals in the following table.

From the table, the solution set is

Interval (=00,=2) | (=2,4) | (4,0) {x | x # —2and x < 4}. We exclude the
Signofx —4 - - + endpoint —2 since the original expression cannot
Sign of (x + 2)2 + + + be 0. Interval: (—oo, —2) U (=2, 4).
Sign of (x — 4) (x +2)2 - - +
Graph:
-2 4
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50. (x +3)2 (x + 1) > 0. Note that (x + 3)2 > Oforall x # —3, so the expression on the left of the original inequality changes

sign only when x = —1. We check the intervals in the following table.
From the table, the solution set is {x | x > —1}.
Interval (=00,-3) | (=3, -1 | (=1,00) (The endpoint —3 is already excluded.)
Sign of (x + 3)? + + + Interval: (—1, 00).
Signof x + 1 - - +
Sign of (x +3)2 (x + 1) - - + Graph: ~ >

51. (x — 2)2 (x =3)(x +1) < 0. Note that (x — 2)2 > 0 for all x, so the expression on the left of the original inequality

changes sign only when x = —1 and x = 3. We check the intervals in the following table.
Interval (=00, —1) | (=1,2) | (2,3) | (3,0)
Sign of (x — 2)2 + + + +
Signofx —3 — — - +
Signof x + 1 - + + +
Signof (x —2)2 (x —=3) (x + 1) + - - +
From the table, the solution set is {x | —1 < x < 3}. Interval: [—1, 3]. Graph:
-1 3

52. x2 (x2 - 1) >0 x2(x+ 1) (x — 1) > 0. The expression on the left of the inequality changes sign when x = +1 and

x = 0. Thus we must check the intervals in the following table.

Interval (=00, —1) | (=1,0) | (0,1) | (1,00)
Sign of x2 + + + +
Sign of x + 1 - + + +
Signof x — 1 - - - +
Sign of x2 (x2 - 1) + - - +

From the table, the solution setis {x | x < —1,x =0, or 1 < x}. (The endpoint 0 is included since the original expression

is allowed to be 0.) Interval: (—oo, —1]U {0} U [1, 00). Graph:

>
>

53, x3 —4x >0 x (x2 - 4) > 0 x (x +2) (x —2) > 0. The expression on the left of the inequality changes sign where

x =0, x = —2 and where x = 4. Thus we must check the intervals in the following table.
Interval (=00, =2) | (=2,0) | (0,2) | (2,00)
Sign of x — - + +
Sign of x + 2 - + + +
Sign of x — 2 - - - +
Signof x (x +2) (x —2) — —+ - —+
From the table, the solution setis {x | =2 < x < 0 or x > 2}. Interval: (-2, 0)U(2, c0). Graph: —o——o0———o0—>
-2 0 2
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54. 16x < x> <0< x3 —16x =x (x2 — 16) = x (x —4) (x + 4). The expression on the left of the inequality changes sign

when x = —4, x = 0, and x = 4. Thus we must check the intervals in the following table.
Interval (=00, —4) | (=4,0) | (0,4) | (4, 0)
Sign of x + 4 - + + +
Sign of x - - + +
Signof x — 4 — - - +
Signof x (x +4) (x — 4) - + - +

From the table, the solution setis {x | =4 < x < 0 or4 < x}. Interval: [—4, 0]U[4, co). Graph:

\ 4

x+3

5S. > 1 > 0. The expression on the left of the inequality changes sign where x = —3 and where x = % Thus we must
X —

check the intervals in the following table.

From the table, the solution set is

Interval (=00, —=3) (—3, %) (%, oo) 1 . .
{x |x < =3orx > 7}. Since the denominator
Signofx +3 - + +
. 10 1
Sign of 2x — 1 _ _ + cannot equal 0, x # 5.
Sign of x+3 n _ n Interval: (—oo, —3]U (%, oo).
2x — 1
Graph: A %
4—x . . . .
56. w < 0. The expression on the left of the inequality changes sign when x = —4 and x = 4. Thus we must check the
X

intervals in the following table.

From the table, the solution set is
Interval (=00, —=4) | (=4,4) | (4,00) {x|x <—4orx >4}
Sign of 4 — x + + - Interval: (—oo, —4) U (4, 00).
Signof x + 4 - + +
Graph! ——o0————— 0—p
4—x
Sign of — — —4 4
1gn O T2 +

4 —
57. ¥ al < 0. The expression on the left of the inequality changes sign where x = £4. Thus we must check the intervals in
X

the following table.

From the table, the solution set is
Interval (=00, —4) | (—4,4) | 4, 0) {x |x < —4orx > 4}.
Signof 4 — x + + - Interval: (—oo, —4) U (4, 00).
Sign of x + 4 - + +
Sign of 4o - + - Craph _34—3_)
x+4

College Algebra 7th edition Stewart Solutions Manual


https://ravanbooks.com/books/9781305115545-solutions

SECTION 1.7  Solving Inequalities 119

1 1 1 2(x-3 3x =5
Xt <0< Xt +20< s + (x = 3) <0< al . The expression on the left of the inequality
x — x—3 x—3 x—3 x—3

changes sign when x = % and x = 3. Thus we must check the intervals in the following table.

58. -2 <

From the table, the solution set is

Interval —00, 2 §, 3 3, 00
( 3) (3 ) ( ) {x|x<%or3<x<oo}.
Signof 3x — 5 - + +
Signof x — 3 — — + Interval: (—oo, %) U (3, 00).
3x =5
Sign of al + — +
X — , ————————O0——>
Graph: 5 3
3
2x +1 2x +1 2x+1 3-S5 - 16
59, = ki <3 Al 3<0¢& 4l 39 <0e o < 0. The expression on the left of the inequality
x—=5 x—=5 x—=5 x—=5 x—=5

changes sign where x = 16 and where x = 5. Thus we must check the intervals in the following table.

From the table, the solution set is

Interval (=00,5) | (5,16) | (16,0) {x | x <5 o0rx > 16}. Since the denominator
Sign of —x + 16 + + - cannot equal 0, we must have x # 5.
Signofx —5 - + + Interval: (—o0, 5) U [16, 00).
. —x + 16
Sign of X—5 - + N Graph: >
5 16
3 3 3 3 -
60. X >l rr_ 1>0e rr_ al >0 > 0. The expression on the left of the inequality changes
3—x 3—x 3—x 3—x 3—x

sign when x = 0 and x = 3. Thus we must check the intervals in the following table.

Since the denominator cannot equal 0, we must

Interval (=00,0) | (0,3) | B,0) have x # 3. The solution setis {x | 0 < x < 3}.
Signof 3 —x + + - Interval: [0, 3).
Sign of 2x - + +
] 2% Graph:
Sign of 3 - + - 0 3
4 4 4 . 4 — 52 2-x)(2
61.—<x<:>——x<04:)——u <0&e a <0(:>( ) ( +x)<0.Theexpressionontheleftofthe
X x X X X X
inequality changes sign where x = 0, where x = —2, and where x = 2. Thus we must check the intervals in the following
table.
Interval (=00,=2) | (=2,0) | (0,2) | (2,00)
Sign of 2 + x - + + +
Sign of x - - + +
Signof 2 — x + + + -
2—x)(2
Sign of M + — + —
X
From the table, the solution setis {x | =2 < x < 0or2 < x}. Interval: (-2, 0)U(2, c0). Graph: —o——o0———o0—>
-2 0 2
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3 1 —2x — 3x? —x(2+3
62. . 3x<:>L -3x>0& o xx+ 1) > 0@# > 0<:>M > (. The expression on
x+1 x+1 x+1 x+1 x+1 x+1
the left of the inequality changes sign whenx = 0, x = —%, and x = —1. Thus we must check the intervals in the following
table.
Interval (=00, —1) (—1, —%) (—%, 0) (0, 00)
Sign of —x + + + -
Sign of 2 + 3x - - + +
Signofx +1 - + + +
2—x)(2
Sign of M + — + —
X

From the table, the solution set is [x | x < —=1or —% <x < 0}. Interval: (—oo, —1) U (—%,O).

. —_—0 >
Graph: o 2 0
3
2 —2x —
63. 14 2oty _2_ x(x+1) 2x _2()c—|—1)S @x +x+2x —2x 250@
x+1 7" x x+1 x(x+1) x@x+1) x@x+1) x(x+1)
2
-2 2)(x—1
rAx—Z < M < 0. The expression on the left of the inequality changes sign where x = —2, where
x(x+1) x(x+1)

x = —1, where x = 0, and where x = 1. Thus we must check the intervals in the following table.
Interval (=00,=2) | (=2,-1) | (-=1,0) | (0,1) | (1,00)
Signof x +2 - + + + +
Signof x — 1 - - - - +
Sign of x - - - + +
Signofx +1 - — + + +

. x+2)(x—=1)
S f——m——-= — —
ignof ——"7 + + +
Since x = —1 and x = 0 yield undefined expressions, we cannot include them in the solution. From the table, the solution

setis{x | =2 <x < —1lor0 < x < 1}. Interval: [-2, —1) U (0, 1]. Graph:
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_ _ _ _ 42
3 4 PR 3 —i—120<:> 3x _4(x 1)_x(x 1)20<:>3x 4x +4 x—f—xz(“:>
x—1 x xx—=1) x(x—=-1) x@x-=1) x(x—=1)

4—x2 N Q2—-x)2+x)

_ > > 0. The expression on the left of the inequality changes sign when x = 2, x = —2,
x(x—=1) x(x-=1)

x =0, and x = 1. Thus we must check the intervals in the following table.

Interval (—00,=2) | (=2,0) | (0,1) | (1,2) | (2,00)
Signof 2 — x + + + + -
Signof 2 + x - + + + +
Sign of x - - + + +
Signofx —1 - - - + +
Sign of %(_21‘;)6) - + - + -

Since x = 0 and x = 1 give undefined expressions, we cannot include them in the solution. From the table, the solution set

is{fx | —2<x <0orl <x <2} Interval: [-2, 0) U (1, 2]. Graph: —e———o0—0—o—>

—2 0o 1 2
6 6(x—1 -1
PR O S T | T G| SO
x—1 x x—1 x x(x—=1) x(x-=-1 xx-=1)
- — 52 —x2 -
i et e SR o D o e s VO
x(x—1) x(x—1) x(x—=1)
expression on the left of the inequality changes sign where x = 3, where x = —2, where x = 0, and where x = 1. Thus we
must check the intervals in the following table.
Interval (=00,-2) | (—=2,0) | (0, 1) | (1,3) | (3,00)
Sign of —x +3 + + + + -
Signof x +2 - + + + +
Sign of x - - + + +
Signof x — 1 — — — + +
—x+3 2
Sign of (x+3h@+2 — + — + —
x(x—1)

From the table, the solution setis {x | =2 < x <0or1 < x < 3}. The points x = 0 and x = 1 are excluded from the

solution set because they make the denominator zero. Interval: [—2, 0) U (1, 3]. Graph: o—o
-2
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. 2 — 10— 8x —
66.12 +4<:>£_ 5 _420<:>x(x+1)_ 2-5 _4(2)(x+1)20<:>x +x—10—8x 820<:>
2 7 x+1 2 x+1 2x+1) 2@x+1 2(x+1) 2(x+1)
2
—Tx —18 -9 2
z al > x )x+2) > (. The expression on the left of the inequality changes sign when x = 9, x = =2,
2(x+1) 2(x+1)
and x = —1. Thus we must check the intervals in the following table.
Interval (—00,=2) | (=2,-1) | (=1,9) | (9,00)
Signofx —9 - - - +
Sign of x + 2 - + + +
Signof x + 1 - - + +
. =9 +2)
S f— — -
181 O G+ ) + +
From the table, the solution setis {x | =2 < x < —1 or 9 < x}. The point x = —1 is excluded from the solution set because

—1
it makes the expression undefined. Interval: [-2, —1) U [9, 0c0). Graph: —eo0———o—>

-2 9
67, x+2 - x—1 <:>x+2_x—1 - x+2)(x—=2) _ x=Dx+3) <0
x+3 x-=2 x+3 x=2 x+3dHx-2) x—-2)(x+3)
2 2
—4—x"—-2x+3 —2x —1
al a alns <0 e < 0. The expression on the left of the inequality
(x+3)(x—-2) (x+3)(x=2)
changes sign where x = —%, where x = —3, and where x = 2. Thus we must check the intervals in the following table.
Interval (—00, —3) (—3, —%) (—%, 2) 2, 00)
Sign of —2x — 1 + + - -
Signof x +3 - + + +
Signofx —2 — - - +
Si ¢ —2x — 1 n +
ignof ————— — -
SO —-2

From the table, the solution set is {x | -3 <x< —% or2 < x}. Interval: (—3, —%) U (2, ).

Graph:

1
2
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1 1 x+2 x+1 xX4+24+x+1 2x 4+ 3
68, — + —<0& <0 <0& ——F < 0. The

x+1  x+2 x+DE+2) x+DHEE+2) x+DE+2) x+DE+2)
expression on the left of the inequality changes sign when x = —%, x = —1,and x = —2. Thus we must check the intervals
in the following table.

Interval (—00, —2) (—2, —%) (—% —1) (=1, 00)

Sign of 2x + 3 — — + +

Signof x + 1 - - - +

Sign of x + 2 - + + +

2x +3
Sign of —8M8 - + - +
BT D +2

From the table, the solution set is {x | x < —=2o0r — % <x < —1}. The points x = —2 and x = —1 are

excluded from the solution because the expression is undefined at those values. Interval: (—oo, —2) U [—%, —1).

Graph: _fz

I
|
—_

x-DH(x+2) 2 . T . .
69. ——————— > 0. Note that (x — 2)“ > 0 for all x. The expression on the left of the original inequality changes sign

(r —2)?
when x = —2 and x = 1. We check the intervals in the following table.

Interval (=00, =2) | (=2,1) | (1,2) | (2,00)

Signofx —1 - - + +

Sign of x 4 2 - + + +

Sign of (x — 2)2 + + + +
-1 2

Sign of (x)—(xz-l—) + - + +
x=2)

From the table, and recalling that the point x = 2 is excluded from the solution because the expression is

undefined at those values, the solution set is {x | x < —2 orx > 1 and x # 2}. Interval: (—oo, —2] U [1, 2) U (2, 00).

Graph: —¢———¢—o0——>
-2 1 2
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70

71.

72.

2x — 1) (x — 3)2

CHAPTER 1 Equations and Graphs

7 < 0. Note that (x — 3)2 > 0 for all x # 3. The expression on the left of the inequality changes sign
x —

when x = % and x = 4. We check the intervals in the following table.

Interval (—OO, %) (%: 3) (3,4) | (4,00
Sign of 2x — 1 - + + +
Sign of (x — 3)2 + + + +
Sign of x — 4 - - - +
Sign of —(Zx _xl)_();_ 3)2 + - - +

From the table, the solution set is {x | x # 3 and % <x < 4}. We exclude the endpoint 3 because the original expression

cannot be 0. Interval: (%, 3) U (3,4). Graph: o—o°

BI—

s xloext x> 0ex? (x2 - 1) > 0 x2(x — 1) (x + 1) > 0. The expression on the left of the inequality
changes sign where x = 0, where x = 1, and where x = —1. Thus we must check the intervals in the following table.
Interval (=00, —1) | (=1,0) | (0,1) | (1,00)
Sign of x2 + + + +
Signof x — 1 - - - +
Signof x + 1 - + + +
Signof x2 (x — 1) (x + 1) + - - +

From the table, the solution setis {x | x < —1 or 1 < x}. Interval: (—oo, —1) U (1, 00). Graph ——o0————0—>
-1 1

P> lexr-xts 0o (x3 - 1) >0 x2(x— 1) (x2 +x 4+ 1) > 0. The expression on the left of the inequality

—1£J)? -4 (1) —1£J73

2(1) - 2

Since these are not real solutions. The expression xZ + x + 1 does not change signs, so we must check the intervals in the

changes sign when x = 0 and x = 1. But the solution of x> + x + 1 = 0 are x =

following table.

Interval (=00,0) | (0, 1) | (1,00)
Sign of x2 + + +
Signof x — 1 - - +
Signof x2 +x + 1 + + +
Sign of x2 (x—l)(x2+x+1) _ —_ +

From the table, the solution set is {x | 1 < x}. Interval: (1, 00). Graph:

Y
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73. For v/ 16 — 9x2 to be defined as a real number we must have 16 —9x2 > 0 &< (4 — 3x) (4 4+ 3x) > 0. The expression in the

inequality changes sign at x = % and x = —%.
Interval (—oo, _%) (_%’ %) (%’ oo)
Sign of 4 — 3x + + —
Sign of 4 + 3x - + +
Sign of (4 — 3x) (4 4 3x) — + -

Thus —% <x<

[SSIEN

74. For v/3x2 — 5x + 2 to be defined as a real number, we must have 3x2 — 5x +2 > 0 & (3x — 2)(x — 1) > 0. The
expression on the left of the inequality changes sign whenx = % and x = 1. Thus we must check the intervals in the

following table.

Interval (—oo, %) (%, l) (1, c0)
Sign of 3x —2 - + +
Signof x — 1 — - +
Signof 3x —2) (x — 1) + - +

Thus x < %orl < Xx.

1 1/2
75. For (m) to be defined as a real number we must have x2 — 5x — 14 > 0 < (x=7)(x+2) > 0. The
xs—5x —
expression in the inequality changes sign at x = 7 and x = —2.

Interval (=00, =2) | (=2,7) | (7,00)
Signof x —7 - - +
Sign of x +2 - + +
Sign of (x —7) (x + 2) + - +

Thus x < —2 or 7 < x, and the solution set is (—oo, —2) U (7, 00).

1-— 1-
76. For 3 T al to be defined as a real number we must have > al > 0. The expression on the left of the inequality changes
X x
sign when x = 1 and x = —2. Thus we must check the intervals in the following table.
Interval (—00,-2) | (-2,1) | (1,00)
Signof 1 —x + + -
Signof 2 + x — + +
1—x
Sign of - -
ign of = e +
Thus —2 < x < 1. Note that x = —2 has been excluded from the solution set because the expression is undefined at that
value.
77. a (bx —c) > bc (wherea, b,c > 0) & bx —c > 2¢ & bx > —c+c<:>x > — —C+c = i—i—i Sx > i—i—i.
a a b\ a a b a b
a—c 2a —c
78. We havea < bx +c¢ < 2a,wherea,b,c >0 a—c<bx <2a—-—c& 5 <x < 5
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79.

80.

81.

82.

83.

84.

85.

86.

87.

CHAPTER 1 Equations and Graphs

Inserting the relationship C = g (F—32),wehave 20 < C <3020 < g (F-32)<3036<F-32<54o
68 < F < 86.

Inserting the relationship F = 2C+32, wehave 50 < F <9550 < %C+32 <9518 < %C <6310< C < 35.

Let x be the average number of miles driven per day. Each day the cost of Plan A is 30 4 0.10x, and the cost of Plan B is
50. Plan B saves money when 50 < 30 4+ 0.10x < 20 < 0.1x < 200 < x. So Plan B saves money when you average more
than 200 miles a day.

Let m be the number of minutes of long-distance calls placed per month. Then under Plan A, the cost will be
25 + 0.05m, and under Plan B, the cost will be 5 + 0.12m. To determine when Plan B is advantageous, we must solve
254 0.05m > 54 0.12m < 20 > 0.07m < 285.7 > m. So Plan B is advantageous if a person places fewer than

286 minutes of long-distance calls during a month.

We need to solve 6400 < 0.35m + 2200 < 7100 for m. So 6400 < 0.35m + 2200 < 7100 < 4200 < 0.35m < 4900 &
12,000 < m < 14,000. She plans on driving between 12,000 and 14,000 miles.

h
T =20— ——
@) 100

(b) Solving the expression in part (a) for #, we get h = 100 (20 — 7). So0 < h < 5000 < 0 < 100 (20 — T) < 5000 &
0<20-T <50 —-20 < —-T <3020 > T > —30. Thus the range of temperature is from 20° C down to
—30° C.

, where T is the temperature in °C, and 4 is the height in meters.

(a) Let x be the number of $3 increases. Then the number of seats sold is 120 — x. So P = 200 + 3x
&3x=P-200x = % (P —200). Substituting for x we have that the number of seats sold is
120 —x = 120 — 4 (P —200) = 1 P + 30,

(b) 90 < —%P—{— 53ﬂ < 115270 <360 — P+200<345270 < —P 4560 <345 290 < —P < 215 &

290 > P > 215. Putting this into standard order, we have 215 < P < 290. So the ticket prices are between $215 and
$290.

|~

If the customer buys x pounds of coffee at $6.50 per pound, then his cost ¢ will be 6.50x. Thus x = . Since the

I
n

scale’s accuracy is +0.03 1b, and the scale shows 3 lb, we have 3 — 0.03 < x < 34 0.03 < 2.97

IN
(@)
Ln|”

<303 &

(6.50)2.97 < ¢ < (6.50)3.03 < 19.305 < ¢ < 19.695. Since the customer paid $19.50, he could have been over- or

undercharged by as much as 19.5 cents.

4,000,000

0.0004 <
2

< 0.01. Since d?> > 0 and d # 0, we can multiply each expression by d? to obtain

0.0004d> < 4,000,000 < 0.01d2. Solving each pair, we have 0.0004d> < 4,000,000 < d> < 10,000,000,000
= d < 100,000 (recall that d represents distance, so it is always nonnegative). Solving 4,000,000 < 0.01d% &
400,000,000 < d2 = 20,000 < d. Putting these together, we have 20,000 < d < 100,000.
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600,000
x2 +300
denominator and not worry that we might be multiplying both sides by a negative number or by zero.) 1200 < x2 4300 &

< 500 < 600,000 < 500 (x2 + 300) (Note that x2 + 300 > 300 > 0, so we can multiply both sides by the

0<x2-900&0 < (x — 30) (x + 30). The expression in the inequality changes sign at x = 30 and x = —30. However,

since x represents distance, we must have x > 0.

Interval (0,30) | (30, 0)
Sign of x — 30 - +
Sign of x + 30 + +
Sign of (x — 30) (x + 30) - +

So x > 30 and you must stand at least 30 meters from the center of the fire.

128 4+ 161 — 1612 > 32 & — 1612 + 161 +96 > 0 & —16 (ﬂ . —6) >0 —16(r — 3) (t +2) > 0. The expression on

the left of the inequality changes sign at x = —2, at t = 3, and at t = —2. However, ¢ > 0, so the only endpoint is t = 3.

Interval 0,3) | (3,00)
Sign of —16 - -
Signoft —3 - +
Signof r 42 + +
Signof =16 (t —3) (t +2) + -

So0 <t <3.

Solve 30 < 10 + 0.90 — 0.0102 for 10 < v < 75. We have 30 < 10 + 0.90 — 0.0102 < 0.0102 — 0.90 + 20 < 0 &
(0.1v —4) (0.1v — 5) < 0. The possible endpoints are 0.1v —4 =0<0.1v =4 <o =40and0.10 —5=0<0.10 =5
S o =50.

Interval (10,40) | (40,50) | (50,75)
Signof 0.10 — 4 - + +
Signof 0.1 — 5 - - +
Sign of (0.1v — 4) (0.1v —5) + - +

Thus he must drive between 40 and 50 mi/h.

2
240 > v + ;—0 = 21—01)2 +0-240<0& (%v - 3) (v 4+ 80) < 0. The expression in the inequality changes sign at

v = 60 and v = —80. However, since v represents the speed, we must have v > 0.
Interval (0,60) | (60, c0)
Sign of 250 — 3 — +
Sign of v + 80 + +
Sign of (g0 —=3) 0 +80) | - +

So Kerry must drive between 0 and 60 mi/h.
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93.

94.

95.
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Solve 2400 < 20x — (2000 + 8x + 0.0025x2) & 2400 < 20x — 2000 — 8x — 0.0025x2 <> 0.0025x2 — 12x + 4400 < 0
< (0.0025x — 1) (x — 4400) < 0. The expression on the left of the inequality changes sign whenx = 400 and x = 4400.

Since the manufacturer can only sell positive units, we check the intervals in the following table.

Interval (0,400) | (400,4400) | (4400, )
Sign of 0.0025x — 1 - + +
Sign of x — 4400 - - +
Sign of (0.0025x — 1) (x — 4400) + - +

So the manufacturer must sell between 400 and 4400 units to enjoy a profit of at least $2400.

Let x be the length of the garden and w its width. Using the fact that the perimeter is 120 ft, we must have 2x + 2w = 120

< w = 60 — x. Now since the area must be at least 800 ftz, we have 800 < x (60 — x) & 800 < 60x — x2

=
x2 — 60x 4 800 < 0 & (x —20) (x —40) < 0. The expression in the inequality changes sign at x = 20 and x = 40.

However, since x represents length, we must have x > 0.

Interval (0,20) | (20,40) | (40, 00)
Sign of x — 20 - + +
Sign of x — 40 — - +
Sign of (x — 20) (x —40) + - +

The length of the garden should be between 20 and 40 feet.

Casel: a <b <0 Wehavea-a > a-b,sincea <0,andb-a > b-b,sinceb < 0. Soa’?>a-b> bz,thatis

2

a<b<0= a?> b2 Continuing, we have a - a* < a-bz, sincea < 0and b? - a < bz-b, since b2 > 0. So

a3 <ab? <b?. Thusa <b <0=a3> b3 Soa <b <0=a" > b",ifniseven, and a" < b, if n is odd.

Case2: 0 <a <b Wehavea-a <a-b,sincea > 0,andb-a < b-b,sinceb > 0. Soa? <a-b < b% Thus0 <

2.a<d? bandb-a® <b-b% thusa® <b3.S00 <a < b= a" < b", for all positive

a < b= a® < b?. Likewise, a
integers 7.

Case3:a <0 <b Ifnisodd, thena” < b", because a” is negative and b" is positive. If n is even, then we could have
either a” < b" ora” > b". For example, —1 < 2 and (—1) < 22, but =3 < 2 and (—3)2 > 22.

The rule we want to apply here is “a < b = ac < bcifc > 0anda < b = ac > bcif ¢ < 0”. Thus we cannot simply

multiply by x, since we don’t yet know if x is positive or negative, so in solving 1 < —, we must consider two cases.
X

Case 1: x > 0 Multiplying both sides by x, we have x < 3. Together with our initial condition, we have 0 < x < 3.
Case 2: x <0 Multiplying both sides by x, we have x > 3. But x < 0 and x > 3 have no elements in common, so this
gives no additional solution.

Hence, the only solutions are 0 < x < 3.

a <b,sobyRule1,a+c < b+ c. Using Rule 1 again, b + ¢ < b + d, and so by transitivity,a + ¢ < b +d.

: d d
< —, so by Rule 3, il cit s o Adding a to both sides, we have % + a < ¢ + a. Rewriting the left-hand

b d b

b b+d
% = % and dividing both sides by b + d gives % < %.

Similarl N <cb+ c(b+d) a+c <c
imilarly,a +¢c < — 4+ ¢ = ———,50 —— < —.
Y d d b+d d

SRS
o

. a
side as —
b
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1.8 SOLVING ABSOLUTE VALUE EQUATIONS AND INEQUALITIES

1. The equation |x| = 3 has the two solutions —3 and 3.

N=2E- - N B WY |

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22,

23.

. (a) The solution of the inequality |x| < 3 is the interval [—3, 3].

(b) The solution of the inequality |x| > 3 is a union of two intervals (—oo, —3] U [3, 00).

. (a) The set of all points on the real line whose distance from zero is less than 3 can be described by the absolute value

inequality |x| < 3.
(b) The set of all points on the real line whose distance from zero is greater than 3 can be described by the absolute value

inequality |x| > 3.

. (@) |2x — 1| = 5 is equivalent to the two equations 2x — 1 = 5and 2x — 1 = —5.

(b) |3x + 2| < 8isequivalentto —8 < 3x —2 < 8.

. 5x]| =20 5x = 220 © x = +4.

L -3x =10 —3x =10 x = £ 10

Shxl+3=28e5kx| =25 x| =5 x =45.

All-T=2e i =96 k| = 18 x = £I18.

. |[x =3 =2isequivalenttox —3 =42 x=3+2x=1orx =5.
|2x — 3| = 7 is equivalent to either2x —3 =7 2x =10 x =5;0r2x —3 = -7 & 2x = —4 & x = —2. The two
solutions are x = 5 and x = —2.
|x +4| =0.5isequivalenttox +4 =405 x=—-4+05<x =—-450rx = -3.5.
|x + 4| = —3. Since the absolute value is always nonnegative, there is no solution.
[2x — 3| = 11 is equivalent to either 2x —3 =11 2x =14 x =T, 2x =3 =—-11 ©2x = -8 & x = —4. The
two solutions are x = 7 and x = —4.
|2 — x| = 11 is equivalent to either 2 —x = 11 & x = —9;0r2 —x = —11 & x = 13. The two solutions are x = —9 and
x =13.
4—13x+6]=1 —|3x + 6] = -3 < |3x + 6] = 3, which is equivalent to either 3x + 6 =3 = 3x = -3 x = —1;
or3x +6 = -3 < 3x = -9 & x = —3. The two solutions are x = —1 and x = —3.
|5 —2x| + 6 = 14 & |5 — 2x| = 8 which is equivalent to either 5 —2x =8 & —2x =3 & x = —%;orS —2x=-8¢&
-2 =-13ex= % The two solutions are x = —% and x = %
3x+5|+6=15<=3|x+ 5| =9 < |x + 5| = 3, which is equivalent to eitherx + S=3 S x=-2;orx+5=-3

x = —8. The two solutions are x = —2 and x = —8.

20 4 |2x — 4| = 15 & |2x — 4] = 5. Since the absolute value is always nonnegative, there is no solution.

8—{—5'%)6 - %’ = 33@5‘%)(— %’ =25 ‘%x— %' = 5, which is equivalent to either %x — % =5 %x = % =
X = %;or %x — % =-S5 %x = —2—65 Sx = —%. The two solutions are x = —% and x = %
‘%x+2‘—%=4@‘%x+2‘=%Whichisequivalenttoeither%x+2=%@%x:%@x:%;or%x+2=—%@
%x = —1—23 Sx = —%. The two solutions are x = 2—65 and x = —%.

|[x — 1] = [3x + 2|, which is equivalent to eitherx — 1 =3x +2 & -2x =3 & x = —%; orx—1=—-0C3x+2)
x—1==-3x-24x=-1lx= —%. The two solutions are x = —% and x = —%.

|x + 3| = |2x + 1] isequivalent to eitherx +3 =2x+ 1 —x = -2ox =2;orx4+3=—2x+ 1) ox+3=-2x—1
Sx=—dsSx= —%. The two solutions are x = 2 and x = —%.

|[x] <5< =5 < x < 5. Interval: [-5, 5].
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24.
25.

26.
27.
28.
29.
30.
31.

32.

33.
34.

35.

36.

37.
38.
39.
40.

41.

42.

43.

4.

45.

46.

47.

CHAPTER 1 Equations and Graphs

[2x] <20 < —20 < 2x <20 < —10 < x < 10. Interval: [—10, 10].

[2x| > 7 is equivalent to 2x > 7 & x > %;oer <-Tox< —%. Interval: (—oo, —%) U (%,oo).

% x| > 1 |x| > 2isequivalentto x > 2 or x < —2. Interval: (—oo, —2] U [2, 00).

|[x —4] < 10isequivalentto —10 < x —4 < 10 & —6 < x < 14. Interval: [—6, 14].

|[x —3| > 9isequivalenttox —3 < -9 x < —6;0rx —3 > 9 & x > 12. Interval: (—oo, —6) U (12, 00).

|[x + 1| > lisequivalenttox + 1 > 1< x > 0;0orx + 1 < —1 © x < —2. Interval: (—oo, —2] U [0, c0).

|x + 4| < Oisequivalentto [x +4| =0 < x +4 = 0 < x = —4. The only solution is x = —4.

[2x + 1| > 3isequivalentto2x +1 < -3 2x < 4o x < -2;or2x+1 >3 2x > 2 x > 1. Interval:
(=00, =2] U1, 00).

[3x —2| > 7isequivalentto 3x —2 < -7 3x < 5 x < —%;or3x—2 > 7o 3x > 9 < x > 3. Interval:
(—oo,—%) U (3, 00).

2x =3] <04 -04<2x-3<0426<2x <3413 <x <1.7 Interval: [1.3,1.7].

[5x =2 <66 —6 <5r—2 <6 —4<5x <8 —% <x < L Interval: (-4, %)

x =2 X —

2
<26 -2< <2 -6<x—-2<6o —4 <x <8. Interval: (—4, 8).

x+1

>4e |+ 240 Hr+ 1246 e+ 1] 2 8 which is equivalent to either x + 1 2 8 & x > T; or

x+1< -8 x < —9. Interval: (—oo, —9] U [7, 00).

|x + 6] <0.001 & —0.001 < x +6 <0.001 & —6.001 <x < —5.999. Interval: (—6.001, —5.999).

x—al|<do —-d<x—a<doa—d<x <a+d. Interval: (a —d,a +d).

4Ix+2| -3 <Bedx+2| <l |x+2) <4 -4 <x+2 <4 —6 <x <2 Interval: (-6, 2).

3—12x4+4| <1 —|2x +4| < -2 < |2x + 4| > 2 which is equivalent to either 2x +4 > 2 & 2x > -2 & x > —1;0r
2x +4 < -2 2x < -6 x < —3. Interval: (—oo, —3]U[—1, 00).

3
<x =<5

B —

8—2x—-1|>6=—|2x—1|> 2o |2x—1 <20 -2<2x-1<2-1<2x<3s -
Interval: [—%, %]
TIx+2]+5>4Tx+2] > -1 |x+2| > —%. Since the absolute value is always nonnegative, the inequality is

true for all real numbers. In interval notation, we have (—o0, 00).

S . . 1
%’4x+%‘ > %@ ‘4x+%‘ > %,whlchlsequlvalenttoelther4x+% > %<:>4x > %@x > %;0r4x+§ < —% =

dx < 2 x < —%. Interval: (—oo, —%) U (%,oo).

2ir+3f+3ssior|lits|saso [ frt3| s oM hitic e Vs isde-stcica
Interval: [—54, 42].

1 < |x| <4.Ifx > 0, then this is equivalentto 1 < x < 4. If x < 0, then thisis equivalenttol < —x <4< —-1>x > —4
& —4 < x < —1. Interval: [—4, —1] U [1, 4].

%. Since x = 5 is excluded, the solution is

[\ e}

0<|x=5]< % For x 755,thisisequivalentt0—% <x—-5< % =
9 11
250 (54]

1 1 15

S201>2k+7 £ -DNehk+l<te-l<x+7<loe-P <x<-Ladxz-7.

<x <

lx + 7|
Interval: (—17, — ) U (— ,—%).

College Algebra 7th edition Stewart Solutions Manual


https://ravanbooks.com/books/9781305115545-solutions

48.

49.

53.

57.

58.

59.
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T 5 4+ < |2x 3|, since |2x — 3| > 0, provided 2x — 3 # 0 & x # 3. Now for x # 3, we have
T

L < 2x —3|isequivalent toeither 1 < 2xr -3 o L <2x ol < yiomw—3<-lonwn<Boxr<]
5= q 5= 5 = 5% =73 =3 =3
Interval: (—oo, %] U I:%, oo)

x| <3 50. x| > 2 5Lx—7/>5 52.x—2| <4

x| <2 54. x| > 1 55. x| > 3 56. x| < 4

(a) Let x be the thickness of the laminate. Then |x — 0.020] < 0.003.
(b) |x —0.020] < 0.003 & —0.003 < x —0.020 < 0.003 < 0.017 < x < 0.023.

h —68.2 h —68.2

‘T‘ <2 -2< 59 <2 -58<h—-682<58<624 <h <74.0. Thus 95% of the adult males are
between 62.4 in and 74.0 in.

|x — 1] is the distance between x and 1; |x — 3| is the distance between x and 3. So [x — 1| < |x — 3| represents those

points closer to 1 than to 3, and the solution is x < 2, since 2 is the point halfway between 1 and 3. If a < b, then the
+b

. . a
solution to |x —a| < |x —b|isx <

1.9 SOLVING EQUATIONS AND INEQUALITIES GRAPHICALLY

. The solutions of the equation x2 —2x —3 =0 are the x-intercepts of the graph of y = x2—2x —3.

. The solutions of the inequality x> — 2x — 3 > 0 are the x-coordinates of the points on the graph of y = x2 — 2x — 3 that lie

above the x-axis.

. (a) From the graph, it appears that the graph of y = x* —3x3 —x2 4+ 3x has x-intercepts —1, 0, 1, and 3, so the solutions

totheequationx4 —3x3—x24+3x=0arex = —1,x=0,x=1,and x = 3.
(b) From the graph, we see that where —1 < x < Oor 1 < x < 3, the graph lies below the x-axis. Thus, the inequality
x* —3x3 — x2 4 3x < Ois satisfied for {x | =1 <x <0Oor1 < x <3} =[—1,0]U[l,3].

. (a) The graphs of y = 5x — xZand y = 4 intersect at x = 1 and at x = 4, so the equation 5x — x2 = 4 has solutions x = 1

and x = 4.
(b) The graph of y = 5x — x2 lies strictly above the graph of y = 4 when 1 < x < 4, so the inequality 5x — xZ > 4is
satisfied for those values of x, that is, for {x | | <x <4} =(1,4).

. Algebraically: x —4 =5x+ 12 & —16 =4x & x = —4. 6. Algebraically: %x —3=6+2x-9= %x & x = —6.

Graphically: We graph the two equations y; = x — 4 and Graphically: We graph the two equations y| = %x —3and
Y2 1: 52x +le 1n. th? viewing re;tan;c:rle [1_6? 4 Py A y2 = 6+ 2x in the viewing rectangle [—10, 5] by
[=10,2]. Zooming in, we see that the solution is x = —4. [—10, 5]. Zooming in, we see that the solution is x = —6.
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7.

11.
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2 1 2 1
Algebraically: —+ — =72x | —+— ) =2x(7)
x  2x x  2x
Slt+l=lxox=1.
. . 2 1
Graphically: We graph the two equations y; = — + o
X X
and yp = 7 in the viewing rectangle [—2, 2] by [—2, 8].
Zooming in, we see that the solution is x & 0.36.
4
5 -t
-1 1 2
. Algebraically: x2 —32 =0 x2 =32=
x =+/32 = +42.

Graphically: We graph the equation y; = xZ—32and
determine where this curve intersects the x-axis. We use
the viewing rectangle [—10, 10] by [—5, 5]. Zooming in,
we see that solutions are x ~ 5.66 and x ~ —5.66.

Algebraically: x2 49 =0 x2 = —9, which has no real
solution.
Graphically: We graph the equation y = x2 +9 and see

that this curve does not intersect the x-axis. We use the
viewing rectangle [—5, 5] by [—5, 30].

30 7

4
8. Algebraically: —— — — =

10.

12.

6 5
2x +4

(=4

x+2 2x

4 6 5
2x (x +2) (x—+2 _E) =2x(x+2) (m) =
2x@)—(x+2)O)=xS) o8 x—6x—12=5x &
—-12=3x —-4=x.
Graphically: We graph the two equations
4 6 5

= ——andy; =

x+2 2x 2x + 4
rectangle [—5, 5] by [—10, 10]. Zooming in, we see that
there is only one solution at x = —4.

1 in the viewing

~16 & x = —2J2.
Graphically: We graph the equation y = x3 +16and

Algebraically: x3 + 16 = 0 & x3

determine where this curve intersects the x-axis. We use
the viewing rectangle [—5, 5] by [—5, 5]. Zooming in, we

see that the solution is x ~ —2.52.

Algebraically: x2 +3=2x &x2 - 2x +3=0&

(D EVEP -4 2+
- 2(1) IO
Because the discriminant is negative, there is no real

solution.

Graphically: We graph the two equations y; = x2+3and
yp = 2x in the viewing rectangle [—4, 6] by [—6, 12], and
see that the two curves do not intersect.
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13. Algebraically: 16x% = 625 < x* =

15.

x=+3 =425

625
T6 =

Graphically: We graph the two equations y; = 16x* and
yp = 625 in the viewing rectangle [—5, 5] by [610, 640].

Zooming in, we see that solutions are x = £2.5.

640 T

630 T

620 T

4 2 0

Algebraically: (x —5)* =80 =0 (x —5)* =80 =
x—5=2V80=+2V5 = x =5+25.
Graphically: We graph the equation y; = (x — 5)% —80

and determine where this curve intersects the x-axis. We

use the viewing rectangle [—1, 9] by [—5, 5]. Zooming in,

we see that solutions are x &~ 2.01 and x &~ 7.99.

SECTION 1.9 Solving Equations and Inequalities Graphically 133

14. Algebraically: 233 =243 =0 & 2x° =243 & 1% = 23

ex=J3 =316
Graphically: We graph the equation y = 2x3 — 243 and

determine where this curve intersects the x-axis. We use
the viewing rectangle [—5, 10] by [-5, 5].

Zooming in, we see that the solution is x & 2.61.

10

16. Algebraically: 6 (x +2)° =64 & (x +2)° =% = 32

erx+2=J2 =2 1eox=-2+331

Graphically: We graph the two equations y; = 6 (x + 2)5

and yp, = 64 in the viewing rectangle [—5, 5] by [50, 70].

Zooming in, we see that the solution is x &~ —0.39.

70

60

17. We graph y = x2—7x+12in the viewing rectangle [0, 6] 18. We graph y = x2 —0.75x + 0.125 in the viewing

by [—0.1, 0.1]. The solutions appear to be exactly x = 3
and x = 4. [In fact x2 — 7x + 12 = (x — 3)(x —4).]
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19. We graph y = x3 — 6x2 + 11x — 6 in the viewing 20. Since 16x3 +16x2 =x + 1 < 16x3 +16x2 —x — 1 =0,
rectangle [—1, 4] by [—0.1, 0.1]. The solutions are we graph y = 16x3 + 16x2 — x — 1 in the viewing
x = 1.00, x =2.00,and x = 3.00. rectangle [—2, 2] by [—0.1, 0.1]. The solutions are:

o1 x = —1.00, x = —0.25, and x = 0.25.

0.

21. We first graph y = x — +/x + 1 in the viewing rectangle [—1, 5] by [—-0.1, 0.1] and

find that the solution is near 1.6. Zooming in, we see that solutions is x &~ 1.62.

0.1

2. I+ /x=VI+x2e

1 0.01
1+ /x =1+ x?% = 0.Since /x is only defined ‘{\

for x > 0, we start with the viewing rectangle

[—1,5] by [—1, 1]. In this rectangle, there 1 1 2 45 N2 o4

appears to be an exact solution at x = 0 and

another solution between x = 2 and x = 2.5. We -1 -0.01

then use the viewing rectangle [2.3, 2.35] by

[—0.01, 0.01], and isolate the second solution as

x & 2.314. Thus the solutions are x = 0 and
x ~2.31.

23. We graph y = x1/3 — x in the viewing rectangle [—3, 3] by [—1, 1]. The solutions

are x = —1,x = 0, and x = 1, as can be verified by substitution.

24. Since x!/2 is defined only for x > 0, we start by
graphing y = x1/2 4 x1/3 — x in the viewing
rectangle [—1, 5] by [—1, 1] .We see a solution at

x = 0 and another one between x = 3 and 1 1 2 3 5
x = 3.5. We then use the viewing rectangle
[3.3, 3.4] by [—0.01, 0.01], and isolate the second 1 -0.01

solution as x & 3.31. Thus, the solutions are
x =0and x =~ 3.31.
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25.

26.

27.

28.

29.

30.

SECTION 1.9 Solving Equations and Inequalities Graphically

We graph y = +/2x + 1 + 1 and y = x in the viewing rectangle [—3, 6] by [0, 6]

6
and see that the only solution to the equation o/2x + 1 + 1 = x is x = 4, which can
be verified by substitution. 4
2
—+—t
-2 0

We graph y = +/3 —x +2and y = 1 — x in the viewing rectangle [—7, 4] by
[—2, 8] and see that the only solution to the equation /3 —x +2 =1 —xis

x &~ —3.56, which can be verified by substitution.

We graph y = 2x% +4x2 + 1in the viewing rectangle [—2, 2] by [—5, 40] and see

that the equation 2x% + 4x2 + 1 = 0 has no solution.

We graph y = x0 —2x3 —3inthe viewing rectangle [—2, 2] by [—5, 15] and see

that the equation x0 —2x3 — 3 = 0 has solutions x = —1 and x ~ 1.44, which can

be verified by substitution.

10

x3 —2x2 —x —1 =0, so we start by graphing
the function y = x3 — 2x2 — x — 1 in the viewing
rectangle [—10, 10] by [—100, 100]. There

appear to be two solutions, one near x = 0 and

another one between x = 2 and x = 3. We then
use the viewing rectangle [—1, 5] by [—1, 1] and

zoom in on the only solution, x &~ 2.55.

x* — 8x2 42 = 0. We start by graphing the
function y = x* — 8x2 + 2 in the viewing
rectangle [—10, 10] by [—10, 10]. There appear

to be four solutions between x = —3 and x = 3.

-10 -5 5 10 -4 -2
We then use the viewing rectangle [—5, 5] by

[—1, 1], and zoom to find the four solutions -

x &~ =278, x ~ —=0.51,x = 0.51, and x &~ 2.78.
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Bx(x—D@Ex+2)=ixe

10

x(x—1Dx+2)— %x = 0. We start by graphing

the function y = x (x — 1) (x +2) — %x in the

viewing rectangle [—5, 5] by [—10, 10]. There

appear to be three solutions. We then use the

viewing rectangle [—2.5,2.5] by [—1, 1] and
zoom into the solutions at x ~ —2.05, x = 0.00,
and x ~ 1.05.

32. x* =16 — x3. We start by graphing the functions y; = x*and y, = 16 — x3 in the viewing rectangle [—10, 10] by
[—5, 40]. There appears to be two solutions, one near x = —2 and another one near x = 2. We then use the viewing
rectangle [—2.4, —2.2] by [27, 29], and zoom in to find the solution at x &~ —2.31. We then use the viewing rectangle
[1.7, 1.8] by [9.5, 10.5], and zoom in to find the solution at x = 1.79.

0 29 104
o 102
\ 28 10.0
9.8
: 9.6
| ' +27 ' : |
10 -5 510 24 23 22 1.70 1.75 1.80

33. We graph y = x2 and y = 3x + 10 in the viewing rectangle [—4, 7] by [—5, 30].
The solution to the inequality is [—2, 5].

34. Since 0.5x% 4 0.875x < 0.25 & 0.5x% 4 0.875x — 0.25 < 0, we graph

y = 0.5x2 4+ 0.875x — 0.25 in the viewing rectangle [—3, 1] by [—5, 5]. Thus the
solution to the inequality is [—2, 0.25].

35. Since x3 + 11x < 6x2 +6 < x3 —6x2 4+ 11x — 6 < 0, we graph

y = x3 — 6x2 + 11x — 6 in the viewing rectangle [0, 5] by [—35, 5]. The solution !

setis (—oo, 1.0] U [2.0, 3.0]. z
(2) 2 4
-4
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36. Since 16x3 +24x% > —9x — 1 &
3 ) 4 0.01
16x° + 24x“ 4+ 9x + 1 > 0, we graph
2
y = 16x3 +24x? + 9x + 1 in the viewing o ,
I + t + + + 1 t + : Y 0.00
rectangle [—3, 1] by [—5, 5]. From this rectangle, 3 2 1 5 1 1.0 05
we see that x = —1 is an x-intercept, but it is i
4
unclear what is occurring between x = —0.5 and -0.01

x = 0. We then use the viewing rectangle [—1, 0] by [—0.01, 0.01]. It shows y = 0 at x = —0.25. Thus in interval notation,
the solution is (—1, —0.25) U (—0.25, 00).

1/3

—x 38.Since v0.5x2+1 < 2|x] ©+/0.5x2 4+ 1 —2|x| <0, we

in the viewing rectangle [—3, 3] by [—1, 1]. From this, we graph y = /05x2+1—2 x| in the viewing rectangle
find that the solution set is (—1, 0) U (1, 00).

37. Since x'/3 < x & x!/3 —x <0, we graph y = x

[—1,1] by [—1, 1]. We locate the x-intercepts at

x ~ £0.535. Thus in interval notation, the solution is
approximately (—oo, —0.535] U [0.535, 00).

39. Since (x+1)2 <(x— 12 o @x+1)2—-@x—-1)2<0, 40.Since (x + 1)2 < x3 & (x + 1)2 — x3 < 0, we graph

we graph y = (x + 1)2 —(x— 1)2 in the viewing y=(x+ 1)2 — x3 in the viewing rectangle [—4, 4] by
rectangle [—2, 2] by [—5, 5]. The solution set is (—o0, 0). [—1, 1]. The x-intercept is close to x = 2. Using a trace
function, we obtain x ~ 2.148. Thus the solution is
4 [2.148, c0).
2

41. We graph the equations y = 3x2 — 3x and y= 2x2 + 4 in the viewing rectangle

[—2, 6] by [—5, 50]. We see that the two curves intersect at x = —1 and at x = 4, 40 T
and that the first curve is lower than the second for —1 < x < 4. Thus, we see that
20 T
the inequality 3x2 — 3x < 2x2 + 4 has the solution set (—1, 4). E |
-2 2 4 6
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42.

43.

44.

45.

46.

CHAPTER 1 Equations and Graphs

We graph the equations y = 5x2 + 3x and y =3x% + 2in the viewing rectangle
[—3, 2] by [—5, 20]. We see that the two curves intersect at x = —2 and at x = %,
which can be verified by substitution. The first curve is larger than the second for

x < —2 and for x > %, so the solution set of the inequality 5x2 +3x > 3x2 4+ 2is

(=00, —=2]U [%, oo).

We graph the equation y = (x — 2)% (x — 3) (x + 1) in the viewing rectangle
[—2, 4] by [—15, 5] and see that the inequality (x — 2)2 (x—=3)(x+1) <0has

the solution set [—1, 3].

We graph the equation y = x2 (x2 - 1) in the viewing rectangle [—2, 2] by

[—1, 1] and see that the inequality x2 (x2 — 1) > 0 has the solution set

(=00, —11U {0} U1, 00).

To solve 5 — 3x = 8x — 20 by drawing the graph of a single equation, we isolate
all terms on the left-hand side: 5 — 3x = 8x — 20 &
5-3x—-8x+20=8x—-20-8x+20= —1lx+25=0o0r11x —25=0.
We graph y = 11x — 25, and see that the solution is x & 2.27, as in Example 2.

Graphing y = x3 —6x2 4+ 9x and y = 4/ in the viewing rectangle [—0.01, 0.02]
by [—0.05, 0.2], we see that x = 0 and x = 0.01 are solutions of the equation
13— 6x2 +9x = J/x.

a0 * 2 3
-1
0.2
0.1
e : |
-0.01 /1 001  0.02
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47. (a) We graph the equation (c) We graph the equations y = 15,000 and
y = 10x 4 0.5x2 — 0.001x3 — 5000 in the viewing y = 10x 4 0.5x% — 0.001x3 — 5000 in the viewing
rectangle [0, 600] by [—30000, 20000]. rectangle [250, 450] by [11000, 17000]. We use a zoom

or trace function on a graphing calculator, and find that

20000 the company’s profits are greater than $15,000 for

279 < x < 400.

200 400 \600

-20000 16000 T /\
14000 /

(b) From the graph it appears that 12000 T

0 < 10x + 0.05x% — 0.001x3 — 5000 for 300 400
100 < x < 500, and so 101 cooktops must be produced

to begin to make a profit.

48. (a) (b) Using a zoom or trace function, we find that y > 10 for x > 66.7. We
1571
. T could estimate this since if x < 100, then (52"%)2 < 0.00036. So for
1
s x < 100 we have \/1.5x + (s35)° & ~/T5x. Solving vT.5x > 10 we
0 —— get 1.5 > 100 or x > 1% = 66.7 mi.

49. Answers will vary.

50. Calculators perform operations in the following order: exponents are applied before division and division is applied before
1
addition. Therefore, Y_1=x"1/3 is interpreted as y = % = %, which is the equation of a line. Likewise, Y_2=x/x+4 is

interpreted as y = i +4 =144 = 5. Instead, enter the following: Y_1=x" (1/3), Y_2=x/ (x+4).
X

1.10  MODELING VARIATION

1. If the quantities x and y are related by the equation y = 3x then we say that y is directly proportional to x, and the constant
of proportionality is 3.

2. If the quantities x and y are related by the equation y = % then we say that y is inversely proportional to x, and the constant
of proportionality is 3.

3. If the quantities x, y, and z are related by the equation z = 3% then we say that z is directly proportional to x and inversely

proportional to y.

4. Because z is jointly proportional to x and y, we must have z = kxy. Substituting the given values, we get
10=k(@4)(5) =20k k= % Thus, x, y, and z are related by the equation z = %xy.

5. (a) In the equation y = 3x, y is directly proportional to x.
(b) In the equation y = 3x + 1, y is not proportional to x.

3
6. (a) In the equation y = T y is not proportional to x.
X

3
(b) In the equation y = —, y is inversely proportional to x.
X
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7. T = kx, where k is constant. 8. P = kw, where k is constant.
k
9. v = —, where k is constant. 10. w = kmn, where k is constant.
z
ks . k .
11. y = 'R where k is constant. 12. P = T where k is constant.
. kx? .
13. z = k,/y, where k is constant. 14. A = -5 where k is constant.
t
15. V = klwh, where k is constant. 16. S = kr202, where k is constant.
kP22 i .
17. R = , where k is constant. 18. A = k. /xy, where k is constant.
b3
19. Since y is directly proportional to x, y = kx. Since y = 42 whenx = 6, we have 42 =k (6) & k =7. So y = 7x.

20.

21.

22.

23.

24.
25.

26.
27.

k k 24
w is inversely proportional to ¢, so w = T Since w = 3 when t = 8, we have 3 = 3 Sk=24,s0w = -

k k 21
A varies inversely as r, so A = —. Since A =7 whenr = 3, we have 7 = 3 < k=21.S0A =
r r

P is directly proportional to ', so P = kT. Since P = 20 when T = 300, we have 20 = k (300) < k = % So P = %T.

k
Since A is directly proportional to x and inversely proportional to ¢, A = Tx Since A = 42 when x = 7 and t = 3, we

have 42 = ﬂ < k = 18. Therefore, A = 18x

S = kpgq. Smce S =180 when p =4 and ¢ = 5, we have 180 = k (4) (5) & 180 =20k © k =9. So S = 9pq.

k k
Since W is inversely proportional to the square of r, W = - Since W = 10 when r = 6, we have 10 = _(6)2 <k = 360.
r

360
SOW:—2
r
2)(3
t—k— Since £ = 25 when x = 2, y = 3, andr_lzwehavezs_kL() k =50.S07 =502,
r

Since C is jointly proportional to /, w, and s, we have C = klwh. Since C = 128 when ! = w = h = 2, we have
128 =k (2) (2) (2) © 128 = 8k < k = 16. Therefore, C = 16/wh.

2
28. H = kI?w?. Since H = 36 when [ =2 and w = }, we have 36 = k (2)° (%) ©36 =gk ok =81.S0 H =810’
k k k 275
29. R=—.Since R =25whenx = 121,25 = — = — <k =27.5. Thus, R = —
Jx J121 11 Jx
be 2) (2 be
30. Mzk%.SinceM:128whena=dandb=c=2,wehave 128 = k2P _ k=3, SOM=32“d—°.
a
3
31. (a) z:kx—z
y

32.

33.

, , Gx)3  27( x3 57
(b) If we replace x with 3x and y with 2y, then z = k( = — | k— ), so z changes by a factor of 5.

292 4 )2
2
X
(@ z=k—
y4
302 9 f x?
(b) If we replace x with 3x and y with 2y, then z = k szi 7= 16 (kx ) so z changes by a factor of 2 16
y
(a) z = k3 y5

(b) If we replace x with 3x and y with 2y, then z = k (3x)3 (2y)5 = 864kx3y5, so z changes by a factor of 864.
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35.

36.

37.

38.

39.

40.

41.

42.

43.

4.
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@ z= 233

k 1k
(Gx)? @2y} 72x2y¥

(b) If we replace x with 3x and y with 2y, then z = so z changes by a factor of 7—12

(a) The force F needed is F' = kx.
(b) Since F =30 N when x = 9 cm and the spring’s natural length is 5 cm, we have 30 =k (9 —5) &k =7.5.
(¢) From part (b), we have F = 7.5x. Substituting x = 11 —5 = 6 into F = 7.5x gives F = 7.5(6) = 45 N.

(@) C =kpm

(b) Since C = 60,000 when p = 120 and m = 4000, we get 60,000 = k (120) (4000) & k = £. So C = & pm.
(¢) Substituting p =92 and m = 5000, we get C = % (92) (5000) = $57.,500.

(a) P =ks>.

(b) Since P = 96 when s = 20, we get 96 = k - 203 & k = 0.012. So P = 0.012s3.

(c) Substituting x = 30, we get P = 0.012 - 303 = 324 watts.

(a) The power P is directly proportional to the cube of the speed s, so P = ks3.
(b) Because P = 80 when s = 10, we have 80 = k (10)3 Sk = % = %- = 0.08.
(c) Substituting k = % and s = 15, we have P = % (15)3 = 270 hp.

D = ks2. Since D = 150 when s = 40, we have 150 = k (40)2, so k = 0.09375. Thus, D = 0.09375s2. If D = 200, then
200 = 0.09375s2 = 52 ~ 2133.3, so s &~ 46 mi/h (for safety reasons we round down).

L = ks%A. Since L = 1700 when s = 50 and A = 500, we have 1700 = k (502) (500) & k = 0.00136. Thus
L =0.0013652A. When A = 600 and s = 40 we get the lift is L = 0.00136 (402) (600) = 1305.6 1b.

F = kAs?. Since F = 220 when A = 40 and s = 5. Solving for k we have 220 = k (40) (5)2 < 220 = 1000k &
k = 0.22. Now when A = 28 and F = 175 we get 175 = 0.220 (28) s2 < 28.4090 = 52 so s = +/28.4090 = 5.33 mi/h.

(@) 7% = kad*
- 6 2 6)° 19
(b) Substituting 7 = 365 and d = 93 x 10°, we get 365 =k - (93 x 10 ) S k=1.66x 107"

2 1 3 4 . . 4
(©) T2 =1.66 x 10719 (2.79 % 109) =3.60 x 10° = T = 6.00 x 10*. Hence the period of Neptune is 6.00x 10
days= 164 years.

kT
P=—.
(a) v
L k (400) L
(b) Substituting P = 33.2, T = 400, and V = 100, we get 33.2 = 100 & k = 8.3. Thus k = 8.3 and the equation is
8.3T
P=—.
14
o 8.3 (500) .
(¢) Substituting 7 = 500 and V = 80, we have P = 30 51.875 kPa. Hence the pressure of the sample of gas is

about 51.9 kPa.
2
@) F =k
-
(b) For the first car we have w; = 1600 and s1 = 60 and for the second car we have wy = 2500. Since the forces are equal
1600602 250053 16 - 60>
=k =

have k
we have . 5

= 53,50 55 = 48 mi/h.
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45.

46.

47.

48.

49.

50.

51.

52.
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(a) The loudness L is inversely proportional to the square of the distance d, so L = ik

k
(b) Substituting d = 10 and L = 70, we have 70 = W < k= 7000.

k 1 (k
(c) Substituting 2d for d, we have L = —— = — | — |, so the loudness is changed by a factor of s
@d)? 4 \d? 4

k k
(d) Substituting %d for d, we have L = W =4 (ﬁ) so the loudness is changed by a factor of 4.
1
»d
2

(a) The power P is jointly proportional to the area A and the cube of the velocity v, so P = kAv3.
(b) Substituting 2o for v and %A for A, we have P = k (%A) (2v)3 = 4k Av3, so the power is changed by a factor of 4.

3
(¢) Substituting %u for v and 3A for A, we have P =k (3A) (%v) = %Akv3 , so the power is changed by a factor of %.

kL
(@ R= p
. k(1.2) 7 -
(b) Since R = 140 when L = 1.2 and d = 0.005, we get 140 = 3 k = 5455 = 0.002916.
(0.005)
7 3 4375
(c) Substituting L = 3 and d = 0.008, we have R = 2200 (0.008)2 == ~ 137 Q.
k(L) 3kL

(d) If we substitute 2d for d and 3L for L, then R =

2= i i 3
2d) =i so the resistance is changed by a factor of 3.

Let S be the final size of the cabbage, in pounds, let N be the amount of nutrients it receives, in ounces, and let ¢ be the

N
number of other cabbages around it. Then S = k—. When N = 20 and ¢ = 12, we have S = 30, so substituting, we have
c

N
30 = k33 & k = 18. Thus S = 18—. When N = 10 and ¢ = 5, the final size is § = 18 (1) =36 b
c

Es k6000

(a) For the sun, Eg = k6000* and for earth Eg = k300*. Thus —> =

Eg k300
produces 160,000 times the radiation energy per unit area than the Earth.

(b) The surface area of the sun is 47 (435,000)2 and the surface area of the Earth is 47 (3,960)2. So the sun has
47t (435,000)% . (435,000

47t (3,960)2 3,960

4
= ()" =20* = 160,000. So the sun

2
) times the surface area of the Earth. Thus the total radiation emitted by the sun is

435,000
3,960
Let V be the value of a building lot on Galiano Island, A the area of the lot, and g the quantity of the water produced. Since

2
160,000 x ( ) = 1,930,670,340 times the total radiation emitted by the Earth.

V is jointly proportional to the area and water quantity, we have V = kAq. When A = 200 - 300 = 60,000 and ¢ = 10, we
have V = $48, 000, so 48,000 = k (60,000) (10) < k = 0.08. Thus V = 0.084q. Now when A = 400 - 400 = 160,000
and g = 4, the value is V = 0.08 (160,000) (4) = $51,200.

(a) Let 7 and [ be the period and the length of the pendulum, respectively. Then T = k+/1.

3 T o L @en? 1
(b) T = WIST?=Klol= R If the period is doubled, the new length is 2= 4 2= 4/. So we would

quadruple the length / to double the period 7.
Let H be the heat experienced by a hiker at a campfire, let A be the amount of wood, and let d be the distance from
A A
campfire. So H = kd—%. When the hiker is 20 feet from the fire, the heat experienced is H = k2—03, and when the amount

2A A 2A
of wood is doubled, the heat experienced is H = kﬁ. So km = kd_3 sdd = 16,000 & d = 20«3/5 ~ 25.2 feet.
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k
53. (a) Since f is inversely proportional to L, we have f = T where k is a positive constant.

(b) If we replace L by 2L we have % = % . % = % f. So the frequency of the vibration is cut in half.
54. (a) Since r is jointly proportional to x and P — x, we have r = kx (P — x), where k is a positive constant.

(b) When 10 people are infected the rate is = k10 (5000 — 10) = 49,900k. When 1000 people are infected the rate is

r =k - 1000 - (5000 — 1000) = 4,000,000%. So the rate is much higher when 1000 people are infected. Comparing
1000 people infected 4,000,000k
10 people infected - 49,900k

is about 80 times as large as when 10 people are infected.

(c) When the entire population is infected the rate is r = k (5000) (5000 — 5000) = 0. This makes sense since there are no

more people who can be infected.

~ 80. So the infection rate when 1000 people are infected

these rates, we find that

2.5 x 1026

~ —14
(2.4 y 1019)2 ~ 347 x 1077,

L
55. Using B = kﬁ with k = 0.080, L = 2.5 x 1026, andd =24 x 1019, we have B = 0.080

The star’s apparent brightness is about 3.47 x 10-14 W/ m?.
. L 2 L L . . - 30
56. First, we solve B = kd_2 ford: d- = kE =d= kE because d is positive. Substituting k = 0.080, L = 5.8 x 10°, and

5.8 x 1030
B=82x10"16 wefindd = o.osom ~ 2.38 x 1022, 50 the star is approximately 2.38 x 1
2z X

57. Examples include radioactive decay and exponential growth in biology.

0?2 m from earth.

CHAPTER 1 REVIEW

1. (a) Y (b) The distance from P to Q is
d(P,Q) = \/(—5 —-2)2 4+ (12— 0)?
= /49 + 144 = /193

=542 1240 3
The midpoint i ,——— ) =(—-=.6).
(¢) The midpoin 15( 5 3 ) ( 3 )

(e) The radius of this circle was found in part (b). It is

o r=d (P, Q) = +/193. So an equation is

1 x

2
12-0 —7)2 —_0)2 = _ 2 2 _
(d) The line has slope m = : 2=—¥,andhas x=2)"+0-0) —(v193) & (x —2)° +y* =193
y
equationy—O:—%(x—z)(:)yz_%x_F# P
o 12x 47y —24=0.
y
o o,
5 X
P
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2. (a) Y (b) The distance from P to Q is

i T d(P, Q) =\/@=7)%+ (=11 +1)
=25+100 = V125 =55

247 —11-1 9
(¢) The midpoint is (% ) = (—, —6).

’ 2 2
Q.
1+l —10 (e) The radius of this circle was found in part (b). It is
(d) The line has slope m = 77 = — =2, and r=d(P, Q)= 5./5. So an equation is
. .. _ _ )
itsequationisy + 11 =2 (x - 2) & =72+ +1)2= (5\/5) o
y+1ll=2x -4 y=2x—15.
. (x =72+ +1)2 =125

i i y

)

2 .P X
19
¢
3. (a) YA (b) The distance from P to Q is
d(P, Q) = /(=6 — 42 +[2— (—14)
., = /100 + 256 = /356 = 2./89
P
D ; .
—-6+4 2+ (—14
o0 (¢) The midpointis( 2+ , +(2 )) = (-1, -6).
. 2—(—14) 16 8
(d) The line has slope m = —6—4  —10 5 (e) Theradius of this circle was found in part (b). It is
and equation y — 2 = _% (x +6) = r =d (P, Q) = 2+/89. So an equation is
2
y—2:—%x—%<:>y:—%x—%. [x—(—6)]2+(y—2)2=(2\/@) o

(x +6)2 + (y —2)2 = 356.

X S
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4. (a) y
2
2 * x
Oo
—2— (=6
(d) The line has slope m = T(—ﬁ) = % = %, and

has equation y — (—2) = %(x—S)(:)
y+2=%x—%<:>y=%x—%.

y

e

-

CHAPTER1  Review

(b) The distance from P to Q is

d(P.Q) = \/I5- (=3P +[-2 - (-6)
= /64 + 16 = /30 = 4./5.

(¢) The midpoint is (5 +{(3) 2+ (_6)) =(1,-4).

2 2
(e) The radius of this circle was found in part (b). It is
r=d (P, Q)=4+5.Soan equation is
2
=52 +[y- (2] = (4J§) =

(x —5)2 + (y +2)* = 80.

y

G

6.{(x,y)|x >4ory >2}

7.d(A,C) = Jl— (=D + @4 (=3)?

= Jé+12+@+3? = VT and

d(B,C)= /(5= (1)} + B = (=3)% = /5 + 1)> + (3 + 3)? = +/72. Therefore, B is closer to C.

145

2
8. The circle with center at (2, —5) and radius +/2 has equation (x — 2)2 +(y+ 5)2 = («/5) S (x — 2)2 +(y+ 5)2 =2.

9. The center is C = (-5, —1), and the point P = (0,0) is on the circle. The radius of the circle is

r=d(P,C) = \/(0 —(=5)%2+ (0 - (—1))2=\/(O +5)2 4+ (0+ 1)2 = +/26. Thus, the equation of the circle is

(x+52%+(+1?* =26

2—-1 3+8
10. The midpoint of segment P Q is (T, %)

r=4.dpP, 0 = %\/(2—(—1))24—(3—8)2 = %\/(2+1)2+(3—8)2 © r = $4/34. Thus the equation is

Nl

(=) (- 4) -

1 11
272
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1. (@) 22 +12+2x—6y+9=0& (x2 + 2x) n (y2 - 6y) - 9o (b) The circle has center (1, 3) and

(x2+2x+1).|-(y2_6y_|_9):_9_|_1_,_9<:> radius 1.

(x + 12 + (y — 3)? = 1, an equation of a circle.

O

12. (a) 252 +2y2 —2x+8y= % o 2 —x+y2 +4y = % =y (b) The circle has center (%,—2)
(xz—x+%)+(y2+4y+4)=%+%+4<:> andradius#.

2
( - %) + O+ 2)2 = %, an equation of a circle. y

e N X
/ N\
/ \
[ \
\ z
\ /
N\ /
N g

13. (a) x2+y2+72:12x<:>(x2—12x)+y2:—72<:>(x2—12x+36)+y2:—72+36<:>(x—6)2+y2=—36.

Since the left side of this equation must be greater than or equal to zero, this equation has no graph.

14. (a) x2+y2—6x—10y+34=0x2—6x +y2 — 10y = 34 & (b) This is the equation of the point
(x2—6x+9)+(y2—10y+25):—34+9+25<:) 3, 9).

(x — 3)2 +(y— 5)2 = 0, an equation of a point.
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15. y =2 —3x 16.2x —y+1=0y=2x+1
¥ ¥
X y X y
218 21 -3
0|2 0 1
2 1
X 1 X
r_Y_ Ty — Ti2o =
17.2 7 ley=45x-7 18.4—1—5 0=5x+4y =0
y y
X y X y
-2 | —-14 —4 5
-7 0
2 =5
/z X 1 X
19. y = 16 — x2 20.8x +y2 =0 y2 = —8x
y ¥
X y x y
-3 7 -8 | £8
—1] 15 -2 | +4
0| 16 0 0 1
1] 15 1 *
2
3 7 / I \ >
2. x =)y 2.y =—/1-x2
y y
x|y X y
olo -1 0 !
2 1 0 -1 1
3 : x 1 0 *
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23.

24.

25.

26.

27.

CHAPTER 1 Equations and Graphs

y=9-— x2

(a) x-axis symmetry: replacing y by —y gives —y =9 — x2, which is not the same as the original equation, so the graph is
not symmetric about the x-axis.
y-axis symmetry: replacing x by —x gives y =9 — (—x)2 =9 — x2, which is the same as the original equation, so the
graph is symmetric about the y-axis.
Origin symmetry: replacing x by —x and y by —y gives —y = 9 — (—x)2 < y = —9 + x2, which is not the same as
the original equation, so the graph is not symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: 0 =9 — Poxl=9ox= =43, so the x-intercepts are —3 and 3.
To find y-intercepts, we set x = 0 and solve for y: y =9 — 02 =9, so the y-intercept is 9.

6x + y2 =36

(a) x-axis symmetry: replacing y by —y gives 6x + (— y)2 =36 6x + y2 = 36, which is the same as the original
equation, so the graph is symmetric about the x-axis.
y-axis symmetry: replacing x by —x gives 6 (—x) + y2 =36 —6x + y2 = 36, which is not the same as the original
equation, so the graph is not symmetric about the y-axis.
Origin symmetry: replacing x by —x and y by —y gives 6 (—x) + (—y)2 =36 —6x + y2 = 36, which is not the
same as the original equation, so the graph is not symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: 6x + 02 =36 &< x = 6, so the x-intercept is 6.
To find y-intercepts, we set x = 0 and solve for y: 6 (0) + y2 =36 & y = =£6, so the y-intercepts are —6 and 6.

K+ -12=1

(a) x-axis symmetry: replacing y by —y gives x2+ [(—y) - 1]2 =lox?+ v+ 1)2 = 1, so the graph is not symmetric
about the x-axis.
y-axis symmetry: replacing x by —x gives (—x)2 + (- 1)2 =lex?+ - 1)2 = 1, so the graph is symmetric
about the y-axis.
Origin symmetry: replacing x by —x and y by —y gives (—x)% + [(—y) — 1]2 =lox2+(y+1)2=1,s0the graph
is not symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: X2+ 0— 1)2 =1&x2=0,sothe x-intercept is 0.
To find y-intercepts, we set x = 0 and solve for y: 02 + - 1)2 =1 y—-1==1&y=0o0r2,so the y-intercepts
are 0 and 2.

=16 +y

(a) x-axis symmetry: replacing y by —y gives =16+ -y e xt=16-— ¥, so the graph is not symmetric about the
X-axis.
y-axis symmetry: replacing x by —x gives (—x)4 =16+ye =16+ v, so the graph is symmetric about the y-axis.
Origin symmetry: replacing x by —x and y by —y gives (—x)4 =16+ (—y) © x* = 16 — y, so the graph is not
symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: ¥ =16+0=x* =16 x = 2, s0 the x-intercepts are —2 and
2.
To find y-intercepts, we set x = 0 and solve for y: 0* =16+ y &y = —16, so the y-intercept is —16.

9x2 — 16y% = 144

(a) x-axis symmetry: replacing y by —y gives 9x2 —16(—y)? = 144 = 9x2 — 16y% = 144, so the graph is symmetric
about the x-axis.
y-axis symmetry: replacing x by —x gives 9 (—x)2 — 16y% = 144 & 9x2 — 16y2 = 144, so the graph is symmetric
about the y-axis.
Origin symmetry: replacing x by —x and y by —y gives 9 (—x)2 — 16 (—y)? = 144 < 9x2 — 16y% = 144, so the
graph is symmetric about the origin.
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(b) To find x-intercepts, we set y = 0 and solve for x: 9x2 — 16 (0)2 Mol =144cx= +4, so the x-intercepts
are —4 and 4.

To find y-intercepts, we set x = 0 and solve for y: 9 (O)2 - 16y2 =144 s 16y2 = —144, so there is no y-intercept.

4
28. y =—
X 4
(a) x-axis symmetry: replacing y by —y gives —y = —, which is different from the original equation, so the graph is not
X
symmetric about the x-axis.
4
y-axis symmetry: replacing x by —x gives y = —, which is different from the original equation, so the graph is not
—X
symmetric about the y-axis.
4 4
Origin symmetry: replacing x by —x and y by —y gives —y = — & y = —, so the graph is symmetric about the
—X X
origin.

. 4 . . .
(b) To find x-intercepts, we set y = 0 and solve for x: 0 = — has no solution, so there is no x-intercept.
X

To find y-intercepts, we set x = 0 and solve for y. But we cannot substitute x = 0, so there is no y-intercept.

29, x2 +4xy+y2 =1

(a) x-axis symmetry: replacing y by —y gives x2 +4x (—y) + (—y)? = 1, which is different from the original equation, so
the graph is not symmetric about the x-axis.
y-axis symmetry: replacing x by —x gives (—x)2 +4(—x)y+ y2 = 1, which is different from the original equation,
so the graph is not symmetric about the y-axis.
Origin symmetry: replacing x by —x and y by —y gives (=x)2+4 (=x) (=) + (—y)2 =lox?+4xy+y2=1,s0
the graph is symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: x% +4x ) + 0=lex?=1ox==+l1s0the x-intercepts are
—land 1.
To find y-intercepts, we set x = 0 and solve for y: 02 +4 )y + y2 =le y2 =1 & y = =1, so the y-intercepts are
—land 1.

30. x3 + xy2 =5

(a) x-axis symmetry: replacing y by —y gives X 4x (—y)2 =5+ xy2 =5, so the graph is symmetric about the
x-axis.
y-axis symmetry: replacing x by —x gives (—x)3 + (—x) y2 =5, which is different from the original equation, so the
graph is not symmetric about the y-axis.
Origin symmetry: replacing x by —x and y by —y gives (—x)3 + (—x) (- y)2 =5, which is different from the original
equation, so the graph is not symmetric about the origin.

(b) To find x-intercepts, we set y = 0 and solve for x: 3 +x (0)2 =53 =5ox=4/5,s0the x-intercept is J5.

To find y-intercepts, we set x = 0 and solve for y: 03 + Oy2 = 5 has no solution, so there is no y-intercept.
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31. (a) We graph y = x2 — 6x in the viewing rectangle
[—10, 10] by [—10, 10].

(b) From the graph, we see that the x-intercepts are 0

and 6 and the y-intercept is 0.

33. (a) We graph y = x3 —4x2 —5xinthe viewing
rectangle [—4, 8] by [—30, 20].

(b) From the graph, we see that the x-intercepts are —1,

0, and 5 and the y-intercept is 0.

35. (a) The line that has slope 2 and y-intercept 6 has the slope-intercept equation  (c) VA

y =2x+6.

(b) An equation of the line in general formis 2x —y + 6 = 0.

32. (a) We graph y = 4/5 — x in the viewing rectangle

(b) From the graph, we see that the x-intercept is 5 and
the y-intercept is approximately 2.24.

2 x2

34.(a)Wegrapth+y2:1<:>y2:1_72>

2
y==4/1- % in the viewing rectangle [—3, 3] by

[-2,2].

(b) From the graph, we see that the x-intercepts are —2

and 2 and the y-intercepts are —1 and 1.
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36. (a) The line that has slope —% and passes through the point (6, —3) has (c)
equationy — (=3) = —S (x —6) @y +3=-1(x -6 @ y=—1x.

) —Ix+3=y+3ex—6=-2y-6ox+2y=0.

37. (a) The line that passes through the points (—1, —6) and (2, —4) has slope (c)

—4-(=6) 2 2 2. .2
m:m=g,soy—(—6)=g[x—(—l)]@y+6=§x+§
Gy 218,

b y=3x-Lo3y=20-162r—3y—16=0.

38. (a) The line that has x-intercept 4 and y-intercept 12 passes through the points (c)

12-0
(4,0) and (0, 12),som = o—1 - —3 and the equation is
y—0=-3(x—4) o y=-3x+12.

() y=-3x+123x+y—12=0.

39. (a) The vertical line that passes through the point (3, —2) has equationx = 3. (c¢)

b)) x=3=x-3=0.
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40. (a) The horizontal line with y-intercept 5 has equation y = 5. (c) v 4

b)y=5y-5=0.

=Y

41. (@) 2x -5y =105y =2x—- 10y = %x — 2, so the given line has slope (c) YA

m= % Thus, an equation of the line passing through (1, 1) parallel to this

1ineisy—1=%(x—1)®y=%x+%.

b y=2x+3o5y=0+3o2-5+3=0. =
- X
T
42. (a) The line containing (2, 4) and (4, —4) has slope (c) YA
—4-4 -8
m= 17 -5 = —4, and the line passing through the origin with

this slope has equation y = —4x.

=

b)y=—4xs4x+y=0.

43. (a) The line y = %x — 10 has slope %, so a line perpendicular to this one has  (c) VA
1

slope ~Tn = —2. In particular, the line passing through the origin

perpendicular to the given line has equation y = —2x.

b)y=-2x2x+y=0.

=

=V
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48.

49.
50.
51.

52.
53.

54.
5S.

56.

57.

58.
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@x-3y+16=0&3y=x+16y = 1x + 18 sothe given linehas  (c) va

slope % The line passing through (1, 7) perpendicular to the given line has

1
equationy—7=—m(x—1)(:)y—7=—3(x—l)(:)y=—3x+10.

(b)y=-3x+10=3x+y—-10=0.

1 \ .
The line with equation y = —%x — 1 has slope —%. The line with equation 9y +3x +3 =09y = -3x -3 &

y = —%x - % also has slope —%, so the lines are parallel.

The line with equation Sx — 8y = 3 & 8y = 5x —3 & y = 3x — 3 has slope 3. The line with equation 10y + 16x = 1 &
0y=—-16x+1ey= —%x + % has slope —% = —%, so the lines are perpendicular.
(a) The slope represents a stretch of 0.3 inches for each one-pound increase in weight. The s-intercept represents the length
of the unstretched spring.
(b) Whenw =5,5 =0.3(5) +2.5=1.5+2.5 = 4.0 inches.
(a) We use the information to find two points, (0, 60000) and (3, 70500). Then the slope is
70,500 — 60,000 10,500
T 3-0 T3
(b) The slope represents an annual salary increase of $3500, and the S-intercept represents her initial salary.
(¢) When ¢ = 12, her salary will be S = 3500 (12) + 60,000 = 42,000 + 60,000 = $102,000.
P-4+ l4=0Cx-T(x—-2)=0x=Torx =2.
P42dr+144=0x+12?=0x+12=0=x =—12.
202 +x =lo2x?+x-1=02x—1)(x+1)=0. Socither2x —1=0=2x =lox = %;orx+l:()<:>

=3,500. So § = 3,500z + 60,000.

x =-—1.
245k -2=00x—- )@ +2)=0x=Lorx=-2

0=4x3—25x=x(4x2—25) —x(2x—5)(2x+5) = 0. Socither x = 0; or 2x =5 = 0> 2x =5 & x = 3; or
+5=002=-5cx=—3.
x3—2x2—5x+10=0@x2(x—2)—5(x—2):0@(x—2)(x2—5):o@x=2orx=iﬁ.

32 +4x—1=0=>

b dme | @R @A) | s T —asvBE  —atayT . A2V i
= % = =3 =—f =T =—% =g T ="53

X

x2 —3x49=0=x = —bi\/2b2—4ac _ _(_3):t\/ ;?13))2_4(1)(9) _ 3+ /29—36 _ 34 2/_27
a

, which are not real numbers.

There is no real solution.

1 2
-+ T =30 @ -D+200) =300 - exr—1+2 = 32 -3 o 0=3x2-6x+1=
X X —

N e R T = R T ToN A Ca k) BT
X = a 203) =" %6 ~ "6 — "6 — T 6 T3

1
+ = Sx(x+2)+x—-2)=8x2+2x+x-2=8=x243x—-10=0=(x —2) (x+5) =0

x=2 x+2 x2-4
< x = 2orx = —5. However, since x = 2 makes the expression undefined, we reject this solution. Hence the only
solution is x = —5.
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60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
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x4—8x2—9=0<:>(x2—9)(x2+1)=0<:>(x—3)(x+3)(x2+1)=0:>x—3=0<:>x=3,0rx+3=0<:>

x = —3, however x2 4 1 = 0 has no real solution. The solutions are x = +3.

x—4x =32 Letu = \/x. Thenu? —4u =32 = u? —4u —32 =0 (u —8) (u +4) = 0 So either u — 8 = 0 or
u+4=0.Ifu—-8=0,thenu =8 ./x =8 x =64 Ifu+4 =0, thenu = —4 < /x = —4, which has no real
solution. So the only solution is x = 64.

x~V2 205172 £ $3/2 — g o 172 (1 —2x —I—x2) — 0o x /21 —x)2 = 0. Since x~1/2 — 1/./x is never 0, the
only solution comes from (1 — x)2 =0el-x=0=x=1.

(l+ﬁ)2—2(l+ﬁ)—15=0. Let u = 1 + /x, then the equation becomes uZ — 2u — 15 =0 < (u — 5) (u +3) =0

Su—-5=00ru+3=0.Ifu—-5=0thenu=51+/r=5/r=4x=16.1fu+3=0,thenu =-3<
1 + /x = =3 & /x = —4, which has no real solution. So the only solution is x = 16.

x—T7=4ox—T=2t4x=Tx4,sox =11orx =3.
. . 549
|2x—5|=9lsequ1valentt02x—5=:l:9<:>2x=5:|:9<:)x=T.Sox=—2orx=7.

(@) 2-=3)+(1+4)=Q+1)+(-3+4)i=3+i
() Q+i)(B3—2i)=6—4i+3i —2i2=6—i+2=8—i

@ B—6i)—(6—4)=3—6i—6+4i=(3—6)+(=6+4)i=-3-2
(b) 4i (2 3i) =8i 22 =8i +2=2+8i

442 442 24i B8+8i+2% 8+8i -2 6+8i
2—i  2—i 240 4—-i2 441 5
b 1-vV=D)(1+v/=D)=0=-d)(I+i)=1+i-i—i’=1+1=2

1

oo

(a) :g+

(a)8+3i_8+3i 4-3i  32-12i—9i> 32-12i4+9 41—12i
443 443 4-3  16-92 1649 25
(b) /=10 - /=40 = i/10 - 2i/10 = 20i%2 = —20

&~

1

)
wj
SIS
o
~

2 +16=0x2=—-16x =4

=12 x=+2/=12=42/3i

—b+b>—d4ac  —6£62—-4(1)(10) —6+.36—-40
= = 5 =

2 .

6. 10=0 = 34+

x“ + 6x + (= a 2(1) 1
—(=3)EV(EDP-4QQ) 3+0=T 3 7
242 —3x4+2=0cx = ) ) ) )= :—iii
2(2) 4 47 4

x4—256=0<:)(x2—16) (x2+16) —0ox =+dorx = +4i

x3—2x2+4x—8=0<:>(x—2)(x2+4)<:>x=20rx=:l:2i
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Let r be the rate the woman runs in mi/h. Then she cycles at r 4 8 mi/h.

Rate | Time | Distance
Cycle | r+8 | — 4
cle | r
Y r+38

2.

Run r —5 2.5
r

. . . 2.5 o
Since the total time of the workout is 1 hour, we have 3 + — = 1. Multiplying by 2r (r + 8), we
r r

get 4(2r) +25Q)(r+8) = 2r(r+8) = 8 + 55 +40 = 22 + 16r & 0 = 2r2 + 3r — 40 =

_ 3/ 3455330 —3+/309
"= 20) = 7 ===

. Since r > 0, we reject the negative value. She runs at
r = =332 ~ 3,78 mi/h.

2
Substituting 75 for d, we have 75 = x + )2“—0 & 1500 = 20x + x2 & x2 +20x — 1500 = 0 & (x — 30) (x + 50) = 0. So

x = 30 or x = —50. The speed of the car was 30 mi/h.
Let x be the length of one side in cm. Then 28 — x is the length of the other side. Using the Pythagorean Theorem, we

havex2+(28—x)2:202<:>x2+784—56x+x2:400(:)2x2—56x+384:0<:>2(x2—28x+192) =0

2(x —12) (x —16) = 0. Sox = 12 or x = 16. If x = 12, then the other side is 28 — 12 = 16. Similarly, if x = 16, then
the other side is 12. The sides are 12 cm and 16 cm.

. . 80 . .
Let / be length of each garden plot. The width of each plot is then T and the total amount of fencing material is

80 480
4(l)+6(7) = 88. Thus 4/ + —~ =88<:>412+480=881<:>412—881+480=0<:>4(z2—221+120) =0

4(1—-10)(1 —12) =0. Sol =10o0r! = 12. If I = 10 ft, then the width of each plot is % = 8 ft. If | = 12 ft, then the
width of each plot is % = 6.67 ft. Both solutions are possible.

3x—2>-113x> -9 x > —3. 80.12-x>7x = 12>8x = 3 >x.

Interval: (=3, 00).
nterval: (=3, 00) Interval: (—00, %:I

Graph:

Y

Graph: 3
2
3—x§2x—7<:>10§3x<:>13—05x 82. -1 <2x+5<3e-6<2xx<2-3<x<-1

Interval: (=3, —1].
Interval: [1—30, oo) nterval: ( ]

Graph:

> -3 -1

Graph: 10
3

P4 -12>00 (x — 2) (x + 6) > 0. The expression on the left of the inequality changes sign where x = 2 and where

x = —6. Thus we must check the intervals in the following table.
Interval: (—oo, —6) U (2, 00) .
Interval (o0, —6) | (—6,2) | (2,00)
Signof x —2 — - + Graph: _706—;_)
Signofx + 6 - + +
Sign of (x —2) (x + 6) + - +
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84. x2<1ex2—1<0e (x — 1) (x + 1) < 0. The expression on the left of the inequality changes sign when x = —1 and
x = 1. Thus we must check the intervals in the following table.

Interval: [—1, 1]

Interval (=00, —=1) | (=1,1) | (1,00)

Sign of x — 1 - - + Graph: — :
Signof x + 1 - + +

Signof (x — 1) (x + 1) + - +

2x +5 2x+5 2x+5 x+1 x+4
<1 — - <0&

85. <l 1<0& < < 0. The expression on the left of the inequality
x+1 x+1 x+1 x+1
changes sign where x = —1 and where x = —4. Thus we must check the intervals in the following table.
We exclude x = —1, since the expression is not
Interval (z00,—4) | (=4, - | (=1, 00) defined at this value. Thus the solution is
Sign of x 4- 4 — + + [—4, —1).
Signof x + 1 - - +
2 Graph:
Sign of al + - + 4 -
x+1

86. 2x2>x+3e 22 —x—3>0 (2x — 3) (x 4+ 1) > 0. The expression on the left of the inequality changes sign when

—1 and % Thus we must check the intervals in the following table.

Interval: (—oo, —1]U [%, oo)

Interval (=00, —1) (—1, %) (%, oo)
Sign of 2x — 3 — - + Graph: - s >
Signof x + 1 — + + 2
Sign of 2x —3) (x + 1) + - +
x—4 x — . ) : .
87. <0& < 0. The expression on the left of the inequality changes sign where x = —2, where x = 2,
x2—4 x-2)(x+2)
and where x = 4. Thus we must check the intervals in the following table.
Interval (=00,=2) | (—2,2) | (2,4) | (4,00)
Signofx — 4 - - - +
Signofx —2 — — + +
Sign of x + 2 - + + +
x—4
Sign of ————— — + - +
B T ) +2)

Since the expression is not defined when x = +2,we exclude these values and the solution is (—oo, —2) U (2, 4].

Graph: —o
-2
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5 5 5 5
- < 0¢& <0l ———— <0 < 0. The
x3—x2 —4x+4 2Ex—1)—4@x-1) (x—l)(x2—4) x—Dx-2)(x+2)
expression on the left of the inequality changes sign when —2, 1,and 2. Thus we must check the intervals in the following

table.

88.

Interval (=o00,=2) | (2,1 | (1,2) | (2,00)
Signof x — 1 — — + +
Signof x —2 - — - +
Sign of x + 2 - + + +
5
Sign of - + - +
B T G- x+2)

Interval: (—oo, —2) U (1,2)

Graph: —o o—o0
-2 1 2
89. x =5|<3 -3<x-5<3e2<x<8 90.|x —4] <0.02 002 <x -4 <002
Interval: [2, 8] 398 <x <4.02
Interval: (3.98, 4.02)
Graph:
8 Graph:

3.98 4.02

91. [2x + 1| > lisequivalentto2x +1 > 1lor2x +1 < —1. Case I: 2x +1>12x >0 x > 0. Case 2: 2x + 1 < —1

©2x < =2 x < —1. Interval: (—oo, —1] U [0, 00). Graph: >
1

92. |x — 1] is the distance between x and 1 on the number line, and |x — 3| is the distance between x and 3. We want those
points that are closer to 1 than to 3. Since 2 is midway between 1 and 3, we get x € (—o00, 2) as the solution. Graph:

93, (a) For v/24 — x — 3x2 to define a real number, we must have 24 — x — 3x2 > 0 < (8 — 3x) (3 + x) > 0. The expression
on the left of the inequality changes sign where § —=3x =0 & —3x = -8 & x = %; or where x = —3. Thus we must
check the intervals in the following table.

Interval: [—3, §].

3
Interval —00, =3 -3, 8 §, 00
( ) ( 3) (% ) Graph:
Sign of 8 — 3x + + -
Signof 3 + x - + + . .
Sign of (8 — 3x) (3 + x) - + - 3
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(b) For to define a real number we must have x — x4 > 0 = x (1 —x3) >0ox(1—x) (1 +x +x2) > 0.

1
NO=
The expression on the left of the inequality changes sign where x = 0; or where x = 1; or where 1 + x + 2=0=

¢ = ZIEVPoAOO _ 12/T
= 20 =3

which is imaginary. We check the intervals in the following table.

Interval: (0, 1).

Interval (=00,0) | (0,1) | (1,00) Graph:

Sign of x - + +

Signof 1 —x + + - 0 1
Signof 1 +x + x2 + + +

Sign of x (1 — x) (1+x+x2) - n —

94. We have 8 < %‘n’r3 < 12(:)g << 2(:) 3/E <r< S/B.Thusre |:3/§, 3/2:|_
iy iy ™ ™ T Vm

95. From the graph, we see that the graphs of y = x% —4xand y = x + 6 intersect at x = —1 and x = 6, so these are the

solutions of the equation x2—4x =x+6.

96. From the graph, we see that the graph of y = x2 — 4x crosses the x-axis at x = 0 and x = 4, so these are the solutions of

the equation x2—4x =0.

97. From the graph, we see that the graph of y = x2 — 4x lies below the graphof y = x 4+ 6 for —1 < x < 6, so the inequality

x2 — 4x < x + 6 is satisfied on the interval [—1, 6].

98. From the graph, we see that the graph of y = x2 — 4x lies above the graphof y =x +6for —oo <x < land 6 < x < oo,

so the inequality xZ —4x > x + 6 s satisfied on the intervals (—o0, —1] and [6, 00).

99. From the graph, we see that the graph of y = x2 — 4x lies above the x-axis for x < 0 and for x > 4, so the inequality

x2 —dx > 0 is satisfied on the intervals (—oo, 0] and [4, c0).

100. From the graph, we see that the graph of y = x2 — 4x lies below the x-axis for 0 < x < 4, so the inequality x2—4x > 0is
satisfied on the interval [0, 4].

101 x2 —4x =2x +7. We graph the equations y; = x2 —4x 102. /x +4=x2 -5 We graph the equations y; = +/x +4

and yp = 2x + 7 in the viewing rectangle [—10, 10] by and y, = x2 — 5 in the viewing rectangle [—4, 5] by
[—5, 25]. Using a zoom or trace function, we get the [0, 10]. Using a zoom or trace function, we get the
solutions x = —1 and x = 7. solutions x &~ —2.50 and x & 2.76.
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103. x* —9x2 =x —9. We graph the equations y; = x* —9x2104. ||x + 3| — 5| =2. We graph the equations

10s.

107.

and yp = x — 9 in the viewing rectangle [—5, 5] by
[—25, 10]. Using a zoom or trace function, we get the
solutions x ~ —2.72, x ~ —1.15, x = 1.00, and x ~ 2.87.

10

4x —3 > x2. We graph the equations y; = 4x — 3 and
V) = x2 in the viewing rectangle [—5, 5] by [0, 15]. Using
a zoom or trace function, we find the points of intersection

are at x = 1 and x = 3. Since we want4x — 3 > xz, the
solution is the interval [1, 3].

15

x4t —4x? < %x — 1. We graph the equations

V| = x* — 4x2 and V) = %x — 1 in the viewing rectangle

[—5, 5] by [-5, 5]. We find the points of intersection are
atx ~ —1.85, x & —0.60, x ~ 0.45, and x = 2.00. Since
we want x* — 4x2 < %x — 1, the solution is

(—1.85, —0.60) U (0.45, 2.00).

108.

y1 = ||x + 3| — 5] and yp = 2 in the viewing rectangle
[—20, 20] by [0, 10]. Using Zoom and/or Trace, we get the

solutions x = —10, x = —6,x =0, and x = 4.

-20  -10 0 10 20

106. x3 — 4x2 —5x > 2. We graph the equations

y1 = x3 —4x2 — 5x and yo = 2 in the viewing rectangle
[—10, 10] by [—5, 5]. We find that the point of intersection

is at x &~ 5.07. Since we want x> — 4x2 — 5x > 2, the

solution is the interval (5.07, 00).

-10 -5 1 10

‘xz - 16‘ — 10 > 0. We graph the equation

y= ‘xz - 16‘ — 10 in the viewing rectangle [—10, 10] by

[—10, 10]. Using a zoom or trace function, we find that the

x-intercepts are x &~ £5.10 and x & £2.45. Since we
want ‘xz - 16‘ — 10 > 0, the solution is approximately

(=00, =5.10] U [-2.45,2.45] U [5.10, 00).
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109. Here the center is at (0,0), and the circle passes through the point (-5, 12), so the radius is
r= \/(—5 —0)2 4 (12-0)2 = 25+ 144 = /169 = 13. The equation of the circle is x2 + y = 132 &

xZ + y2 = 169. The line shown is the tangent that passes through the point (—5, 12), so it is perpendicular to the line

12-0 12
through the points (0, 0) and (—5, 12). This line has slope m| = s-o0- 5 The slope of the line we seek is
my = —L = - ! = i Thus, an equation of the tangent line is y — 12 = =l x+5Sey-—12= Ir+B o
my —-12/5 7 12 12 R

y=x+ 18 o 50— 12y + 169 = 0.
110. Because the circle is tangent to the x-axis at the point (5, 0) and tangent to the y-axis at the point (0, 5), the center is at

(5, 5) and the radius is 5. Thus an equation is (x — 5)2 + (y— 5)2 =5 (x - 5)2 + (v - 5)2 = 25. The slope of
5-1 4 4
the line passing through the points (8, 1) and (5,5) ism = 5-s-3°-"% so an equation of the line we seek is
y—l=-%3(x—-8) &4x+3y-35=0.
111. Since M varies directly as z we have M = kz. Substituting M = 120 when z = 15, we find 120 = k (15) & k = 8.

Therefore, M = 8z.
k k
112. Since z is inversely proportional to y, we have z = —. Substituting z = 12 when y = 16, we find 12 = T Sk =192.
Yy

192
Therefore z = —.
y

k
113. (a) The intensity / varies inversely as the square of the distance d, so [ = Fik

k
(b) Substituting / = 1000 when d = 8, we get 1000 = @ < k= 64,000.

64,000 64,000

(¢) From parts (a) and (b), we have I = I Substituting d = 20, we get [ = ( 0)2 = 160 candles.
114. Let f be the frequency of the string and / be the length of the string. Since the frequency is inversely proportional to the
k k 5280
length, we have f = T Substituting / = 12 when k = 440, we find 440 = n < k = 5280. Therefore f = - For

5280 5280 . ,
f = 660, we must have 660 = - & | = 255 = 8. So the string needs to be shortened to 8 inches.

115. Let v be the terminal velocity of the parachutist in mi/h and w be his weight in pounds. Since the terminal velocity is
directly proportional to the square root of the weight, we have v = k/w. Substituting v = 9 when w = 160, we solve

9
for k. This gives 9 = k+/160 & k = «/ﬁ ~ 0.712. Thus v = 0.712,/w. When w = 240, the terminal velocity is

v = 0.7124/240 ~ 11 mi/h.

116. Let r be the maximum range of the baseball and v be the velocity of the baseball. Since the maximum range is directly
proportional to the square of the velocity, we have r =/ v2. Substituting v = 60 and r = 242, we find 242 = k (60)? =
k =~ 0.0672. If v = 70, then we have a maximum range of r = 0.0672 (70)2 = 329.4 feet.

College Algebra 7th edition Stewart Solutions Manual


https://ravanbooks.com/books/9781305115545-solutions

CHAPTERT  Test 161

CHAPTER 1 TEST

1. (a) y There are several ways to determine the coordinates of S. The diagonals of a
square have equal length and are perpendicular. The diagonal P R is horizontal
P R and has length is 6 units, so the diagonal QS is vertical and also has length 6.

. Thus, the coordinates of S are (3, 6).

(b) The length of PQ is J (0 —3)2 + (3 —0)2 = /18 = 34/2. So the area of

PORS is (3ﬁ)2 -

2. (a) y (b) The x-intercept occurs when y =0, so 0 = 32 -4 x2=4=x =242 The

y-intercept occurs when x =0, so y = —4.

(c) x-axis symmetry: (—y) = x2 —4 & y = —x% 4 4, which is not the same as the

original equation, so the graph is not symmetric with respect to the x-axis.

i > y-axis symmetry: y = (—)c)2 —4doy= x2 — 4, which is the same as the
original equation, so the graph is symmetric with respect to the y-axis.
Origin symmetry: (—y) = (—x)2 -4 —y= x2 — 4, which is not the same

as the original equation, so the graph is not symmetric with respect to the origin.

3. (a) y (b) The distance between P and Q is
0 d(P, Q) = /(=3 =572 +(1-6) = VAT 5 = V5.

... (-3+5 146 7

7l 1 (¢) The midpoint is ( 5 T) = (1, 7),
- =5 5
1 x (d) The slope of the line is pryny-aler- Sl

(e) The perpendicular bisector of P Q contains the midpoint, (1, %), and it slope is

ﬁ = —§. Hence the equation

the negative reciprocal of % Thus the slope is —

W

1

isy— %——§(x—1)(:)y=—%x+§+%_ 5x—|—11 That is,
v=—%x+

ol

(f) The center of the circle is the midpoint, ( %

'.:T‘

e length of the radius is 5 1 /89 . Thus the equation of the circle

and t
~ : ~ 2, 7 2 7\% _ 89
whose diameter is PQ is (x — 1) + ( - 7) ( ) Sx-1D)+ (y - 7) =
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4. (a) x2 + y2 =25 = 5% has center (0,0) (b) (x —2)% + (y + 1)2 =9 = 3% has

5. (a)

(b)

CHAPTER 1 Equations and Graphs

and radius 5. center (2, —1) and radius 3.

y y

x=4- y2. To test for symmetry about the x-axis, we replace y with —y:
x=4- (—y)2 Sx=4-— y2, so the graph is symmetric about the x-axis.
To test for symmetry about the y-axis, we replace x with —x:

—x=4- y2 is different from the original equation, so the graph is not
symmetric about the y-axis.

For symmetry about the origin, we replace x with —x and y with —y:

—x =4 — (—y)? © —x = 4 — y2, which is different from the original
equation, so the graph is not symmetric about the origin.

To find x-intercepts, we set y = 0 and solve for x: x =4 — 02 = 4, so the
x-intercept is 4.

To find y-intercepts, we set x = 0 and solve for y:: 0 =4 — y2 S y2 =4
& y = %2, so the y-intercepts are —2 and 2.

y = |x — 2|. To test for symmetry about the x-axis, we replace y with —y:
—y = |x — 2| is different from the original equation, so the graph is not
symmetric about the x-axis.

To test for symmetry about the y-axis, we replace x with —x:

y = |—x — 2| = |x 4 2| is different from the original equation, so the
graph is not symmetric about the y-axis.

To test for symmetry about the origin, we replace x with —x and y with
—y: =y = |—x — 2| &y = — |x + 2|, which is different from the original
equation, so the graph is not symmetric about the origin.

To find x-intercepts, we set y = 0 and solve forx: 0 = |x — 2| &

x —2 =0 x = -2, so the x-intercept is 2.

To find y-intercepts, we set x = 0 and solve for y:

y =10 —2| = |-2| = 2, so the y-intercept is 2.

S zEesiia
o

(c)x2+6x+y2—2y+6=0(:>
46494y —2y+1=de
(x—|—3)2+(y—1)2=4=22has
center (—3, 1) and radius 2.

y

N
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6.

10.

. (@) When x = 100 we have T = 0.08 (100) —4 = 8 — 4 = 4, so the (b) T
temperature at one meter is 4° C.
(c) The slope represents an increase of 0.08° C for each one-centimeter 5

CHAPTERT  Test 163

(a) To find the x-intercept, we set y = 0 and solve for x: 3x —5(0) =15 (b) Y
< 3x = 15 & x = 5, so the x-intercept is 5.
To find the y-intercept, we set x = 0 and solve for y: 3 (0) — 5y =15
& =5y =15 & y = =3, so the y-intercept is —3.
1
©3x—5y=155y=3x-15ey=3x-3. T >

.3
(d) From part (c), the slope is .

(e) The slope of any line perpendicular to the given line is the negative

reciprocal of its slope, that is, —% = —%.

. (@) 3x+y—10=0¢< y = —3x+ 10, so the slope of the line we seek is —3. Using the point-slope, y — (—6) = =3 (x — 3)

Sy+6=-3x+93x+y—-3=0.

(b) Using the intercept form we get % + % =le2x+3y=122x+3y —-12=0.

increase in depth, the x-intercept is the depth at which the temperature

is 0° C, and the T -intercept is the temperature at ground level.

20 497 60 80 100 120 x

. (a) xz—x—12=0<:>(x—4)(x—|—3)=0.S0x=4orx=—3.

4+ /2 -42)(1) —-4+J16—8 —4+/8 —44242 242
®) 22 +4x+1=0=>x = 2(2)()()= T = 4“/_= 4‘/_= 2‘/—.

©3-Vi3=xe3-x=Vi-3e03-x2=(i-x) ol-0+9=3-—xc
x2—5x4+6=(x —2)(x —3) =0. Thus, x =2 and x = 3 are potential solutions. Checking in the original equation,
we see that only x = 3 is valid.

@ x1/2 -3x1/4y2=0. Letu:x1/4,thenwehaveu2—3u+2:0<:>(u—2)(u—1):0. Soeitheru —2 =0 or
u—1=0.Tfu—-2=0thenu =2=x/*=2x=24=16.1fu—1=0,thenu =1 ex/*=1ox =150
x=1lorx =16.

© x*=3242=06 (x2-1) (x2-2) =0.S0a> — 1 =0 x =%l orx? =2 = 0 & x = V2. Thus the

solutionsare x = —1,x =1, x = —«/5, and x = /2.

® 3x—4-10=03r-4=0chk-4=Rcr-d4=2Dcr=4xL sox=4-L =20
x:4+13—0 :%.Thusthesolutionsarex:%andx:%.

(@ B=2i)+@+3i) =344+ (=2 +3i)=T+i
() 3—2i)— (@A+3i) =@ —4) + (—2i —3i) = —1—5i

(© B—20)(4+3i)=3-4+3-3i—2i-4—2i -3i=12+9i —8i —6i2=12+i —6(—1) = 18 +i
3-2i  3-2 4-3i 12-17i+6> 12-17i—-6 6 17

4430 443 4-3 16-92  16+9 25 25
24
(e i48 — (lZ) — (_1)24 =1

GV
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® (V2-v=2) (VB+V=2) = V2 B+ V2D — VDB~ (V=2) =4 +2i —4i = (-2) =62

11. Using the Quadratic Formula, 2x% 4+ 4x +3 =0 & x =

—4+42-42)(3) _ —4i\/—_8__1i£,
202) =T 4 - 2"

12. Let w be the width of the parcel of land. Then w + 70 is the length of the parcel of land. Then w? + (w + 70)? = 1302 <
w2 + w? + 140w + 4900 = 16,900 < 2w? + 140w — 12,000 = 0 < w? + 70w — 6000 = 0 < (w — 50) (w + 120) = 0.
So w =50 or w = —120. Since w > 0, the width is w = 50 ft and the length is w + 70 = 120 ft.

13. (a) 4 <5-3x <17 -9 < -3x < 123 > x > —4. Expressing in standard form we have: —4 < x < 3.

Interval: [—4, 3). Graph:

-4 3

(b) x (x — 1) (x +2) > 0. The expression on the left of the inequality changes sign when x = 0, x = 1, and x = —2. Thus
we must check the intervals in the following table.

Interval (=00,=2) | (=2,0) | (0,1) | (1,00)
Sign of x - — + +
Signof x — 1 - - - +
Signof x +2 - + + +
Signofx (x — 1) (x — 2) - + - +
From the table, the solution set is {x | =2 <x <Oor 1 < x}. Interval: (—2,0) U (1, 00).

Graph: —o—o0——0—>
-2 0 1

(c) |[x —4| <3isequivalentto -3 <x —4 <3 &1 <x < 7. Interval: (1, 7). Graph:

-
2x =3 2x =3 2x =3 1 -4
(d) al <le al -1<0e i N <0& al < 0. The expression on the left of the inequality
x+1 x+1 x+1 x+1 x+1
changes sign where x = —4 and where x = —1. Thus we must check the intervals in the following table.
Interval (—o0,—1) | (=1,4) | (4,00)
Sign of x — 4 - - +
Signof x + 1 - + +
x—4
Sign of -
g Trl + +
Since x = —1 makes the expression in the inequality undefined, we exclude this value. Interval: (—1, 4].
Graph:
- 4

14. 5 < % (F-32) <109 < F—-32< 1841 < F < 50. Thus the medicine is to be stored at a temperature between
41° F and 50° F.
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15. For /6x — x2 to be defined as a real number 6x — x2 > 0 < x (6 — x) > 0. The expression on the left of the inequality

changes sign when x = 0 and x = 6. Thus we must check the intervals in the following table.

Interval (=00,0) | (0,6) | (6,00)
Sign of x — + +
Sign of 6 — x + + -
Sign of x (6 — x) — + -

From the table, we see that v/6x — x2 is defined when 0 < x < 6.

16. (a) x3 —9x —1=0. We graph the equation b)x2—1<|x+1]. We graph the equations
y= x3 —9x — 1in the viewing rectangle [—5, 5] v = x2—1and ¥2 = |x + 1] in the viewing
by [—10, 10]. We find that the points of rectangle [—5, 5] by [—5, 10]. We find that the
intersection occur at x ~ —2.94, —0.11, 3.05. points of intersection occur at x = —1 and x = 2.

Since we want x2 — 1 < |x + 1], the solution is
the interval [—1, 2].

h2
17. (@) M = k2
L

Q) (62) wh?

(b) Substituting w =4, h =6, L =12, and M = 4800, we have 4800 = k < k =400. Thus M = 4OOT.

3) (102)

(¢) Now if L =10, w = 3, and i = 10, then M = 400 = 12,000. So the beam can support 12,000 pounds.

FOCUS ON MODELING Fitting Lines to Data

1. (a) y (b) Using a graphing calculator, we obtain the regression
line y = 1.8807x + 82.65.

180
(¢) Using x = 58 in the equation y = 1.8807x + 82.65,

£ we get y = 1.8807 (58) + 82.65 ~ 191.7 cm.
= 160
.ob
(]
T

140

T :

40 50 X

Femur length (cm)
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2. (a) y (b) Using a graphing calculator, we obtain the regression
800+ line y = 16.4163x — 621.83.
=)
E (c¢) Using x = 95 in the equation
8§ 6001 y = 16.4163x — 621.83, we get
s y = 16.4163 (95) — 621.83 ~ 938 cans.
2
£ 40
Z
I : : : :
50 60 70 80 90 x
High temperature (°F)
3. (a) y (b) Using a graphing calculator, we obtain the regression
100 line y = 6.451x — 0.1523.
80+ . (c) Using x = 18 in the equation y = 6.451x — 0.1523,
£ we get y = 6.451 (18) — 0.1523 =~ 116 years.
g o .
v .
2 407
20
00 2 4 6 8 10 12 14 16 18 20 x
Diameter (in.)
4. (a) y (b) Letting x = 0 correspond to 1990, we obtain the
400 regression line y = 1.8446x + 352.2.
g 390 (¢) Using x = 21 in the equation y = 1.8446x + 352.2,
%’ 380 we get y = 1.8446 (21) + 352.2 ~ 390.9 ppm CO»,
ks 3701 slightly lower than the measured value.
S
“ 360/
350j
5 >
1990 1995 2000 2005 2010 x

Year
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5. (a)

6. (a)

7. (a)

8. (@

Chirping rate (chirps/min)

Mosquito positive rate (%)

MRT score (%)

200+

100+

Sea ice extent (million km?)

Fitting Lines to Data 167

(b) Using a graphing calculator, we obtain the regression
line y = 4.857x —220.97.

(c¢) Using x = 100° F in the equation
y =4.857x — 220.97, we get y & 265 chirps per

minute.

T T T T

50 60 70 80 90 x

Temperature (°F)

(b) Using a graphing calculator, we obtain the regression
line y = —0.1275x + 7.929.

(c) Using x = 30 in the regression line equation, we get

y = —0.1275 (30) + 7.929 ~ 4.10 million km?.

— T T T T T T T T T

10 20 *
Years since 1986

(b) Using a graphing calculator, we obtain the regression
line y = —0.168x + 19.89.

(¢) Using the regression line equation
y = —0.168x 4 19.89, we get y ~ 8.13% when
x =70%.

100

W
=}
L

20

T T T

40 60 80 100 *
Flow rate (%)

(b) Using a graphing calculator, we obtain
y = —3.9018x + 419.7.

(¢) The correlation coefficient is r = —0.98, so linear
model is appropriate for x between 80 dB and
104 dB.

(d) Substituting x = 94 into the regression equation, we
get y = —3.9018 (94) + 419.7 &~ 53. So the
intelligibility is about 53%.

80 90 100 1o -~
Noise level (dB)
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168  FOCUS ON MODELING

9. (a) y (b) Using a graphing calculator, we obtain
807 y = 0.27083x — 462.9.
>
2 (¢) We substitute x = 2006 in the model
£ 704 y = 0.27083x — 462.9 to get y = 80.4, that is, a life
Q
o expectancy of 80.4 years.
[0}
5‘% 60 (d) The life expectancy of a child born in the US in 2006
was 77.7 years, considerably less than our estimate
in part (b).
1920 1940 1960 1980 2000  *
Year
10. (a) (c) y
Year | x | Height (m)
1972 0 5.64
1976 4 5.64
1980 8 5.78

1984 | 12 5.75
1988 | 16 5.90
1992 | 20 5.87

Winning pole valut height (m)

+

1996 | 24 5.92 o' 10 20 30 x

2000 | 28 5.90 Years since 1972

2004 | 32 5.95 The regression line provides a good model.

2008 | 36 5.96 (d) The regression line predicts the winning pole vault
height in 2012 to be

(b) Using a graphing calculator, we obtain the regression
line y = 5.664 + 0.00929x.

y = 0.00929 (2012 — 1972) + 5.664 ~ 6.04 meters.

11. Students should find a fairly strong correlation between shoe size and height.

12. Results will depend on student surveys in each class.
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